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images up to 10 feet across 


even under oil-immersed objectives 


Because of the virtually solar intensity of the Scopi- 
con's high-pressure mercury arc, you can project sharply 
detailed images up to ten feet across even under oil- 
immersed microscope objectives. The light’s white color 
demonstrates the various biological stains to their best 
advantage. 

The Scopicon is highly adaptable — can be used 
with equal convenience for small-group study in a nor- 
mally lit room, or for exhibition to large groups in a 
darkened auditorium. Let us send you the brochure 
describing this versatile instrument. 


micro-projection ¥ equipment 
SCOPICON, Inc. 215 E. 149th ST. NEW YORK 51, N. Y. 


is remarkably steady — 


The Scopicon light 
source generates a light 
intensity of approxi- 
mately 64,000 lumens. 
The projected light beam 


neither, wanders nor, 
flickers. 


The Scopicon 
high-pressure 
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Has Smooth, Uniform 
Pneumatic Movement 


Affords new simplicity and flexibility for micro-studies in biological or chemical technics 


Improved de Fonbrune Micro- 
Forge With Binocular Body 


Specifically developed for 
use in the fabrication of simple 
and intricate micro-tools of glass 
or metal under controlled con- 
ditions. Use of the de Fonbrune 
micro-forge is recommended 
with any type micromanipula- 
tor. The forge is now built 
with binocular stereoscopic 
microscope. With this modifi- 
cation, the image is observed 
erect—not inverted—in three 
di » an important fac- 
tor in rapid, accurate work. 


June 8, 1951 


The de Fonbrune micromanipulator, incorporating a pneu- 
matic pump system, has proved exceptionally satisfactory for 
micro-studies in many fields. In the biological sciences the 
de Fonbrune instrument is used in cell dissection and isolation 
. « » Micro-injection and operation on the protozoa . . . pH 
studies on living cells . . . isolation and transfer of single bac- 
teria, etc. This flexible instrument has proved equally service- 
able in study of fibers and yeast cells, in investigating oils, 
rust deposits, colloidal, and other materials. 


Manufactured under exclusive license of the French patents, 
the de Fonbrune micromanipulator consists of a manipulator 
and receiver. These units may be used with any type of 
microscope . . . arranged for right or left hand operation. In 
use, the micro-tool is mounted on the receiver. Impulses from 
the pneumatic pumps of the manipulator are transmitted to 
the tool through sensitive metallic membranes. Within a range 
of 3 mm, the micro-instrument may be moved in any plane or 
angle by a single control. Ratio of displacement of control 
lever and micro-tool may be adjusted from 1:50 to 1:2,500 
depending on range desired. 


Write for prices and descriptive bulletin T114. 


DIVISION OF A. S. ALOE COMPANY 
5655 Kingsbury © St. Lovis 12, Missouri 
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STEROIDS 


m 


Experimental and Clinical Practice 


A Symposium 
Edited by Dr. Abraham White 
UNIVERSITY OF CALIFORNIA MEDICAL CENTER, LOS ANGELES 


A complete report—in convenient book form—of 
all that was reported and discussed at the First An- 
nual Conference on Steroids in Clinical and Ex- 
perimental Practice held in Cuer » Mexi 


Another medical achievement! This 
book makes available for the first time an 
authoritative expression of opinion regarding 
the metabolic and clinical effects of a variety of 
steroids. Although the reports are concerned 
mainly with the 11-desoxy steroids, information 
of value is also given with reference to Cortisone 
and ACTH, generally for comparative purposes. 

It contains 22 reports by 62 prominent hor- 
mone specialists and rheumatologists on their 
work in both animal and clinical studies with 
pregnenolone and other synthetic steroid hor- 
mones of the 11-desoxy group in arthritis, can- 
cer, sterility caused by seminal inadequacy, 
tuberculosis, ulcers, high blood pressure, and 
other diseases. 

A summary of the clinical findings reported 
at the conference is included in the form of 
five summary tables, making it possible for the 
reader to learn, for each steroid studied, the 


type of clinical condition, the number of pa- 
tients, the pharmaceutical form of preparation 
used, the average daily dose, the duration of 
the treatment and the actual clinical responses 
observed. 

Of inestimable value to those actively en- 
gaged in scientific research as well as to gen- 
eral practitioners. 


A Few of the Outstanding Contributors 


Hans Selye Richard H. 
Louis H. Nahum Freyberg 
C. Chester Stock I. V. Sollins 


Alexander Lipschutz Thomas H. 

Alejandro Zaffaroni McGavack 
Gregory G. Pincus Javier Robles Gil; 
| Konrad Dobriner T. S. Danowski 
W. Paul Holbrook Abraham R. 
Arthur A. Hellbaum _Abarbanel 
Roland A. Davison Roy Hertz 
Harry Freeman George C. Escher 
Richard T. Smith Ira T. Nathanson 


Abraham White Robert M. Stecher 


103 Figures—104 Tables—415 Pages—$7.50 
Use This Handy Coupon To Order Your Copy Today! 


The Blakiston Company, 1012 Walnut St. Philadelphia 5, Pa. ; he 


105 Bond Street, Toronto 2, Canada 
a copy of “SYMPOSIUM ON STEROIDS IN EXPERI- 


my account. I understand you will credit my account in full if I wish to 


Please send me 
Th “Ss MENTAL AND CLINICAL PRACTICE.” () My check is enclosed; [) charge 


Name 


return the book within 10 days. 


Address 
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Flare Stars and the Radio 


HE cosmic significance of the radio “stars” has 
been mentioned (Science, 113, 3 [April 27, 1951]). 
These spots in the sky, which are empty of detectable 
stars, yet send short-wave signals that are superposed 
on the general radio noise from the Milky Way, tease 
the imagination and incite ingenuity in attempts to 
loeate the sources—explain the phenomena. 

A source has been found in a few instances. The 
expanding Crab Nebula, which was a supernova more 
than a million times the sun’s brightness nine centuries 
ago, now sends a faint radio signal, presumably from 
the blue-hot nucleus that remains buried in the dis- 
sipating gas. The great Andromeda galaxy and three 
other spirals, Messier 33, 51, and 101, are now found 
to be radio transmitters. 

It may be that the newly discovered phenomenon of 
flare stars provides a source of the background Milky 
Way static, even though it cannot readily account for 
radio stars. About half the fifty stars nearest the sun 
are now known to belong to the spectral class dM. 
They are dwarf, reddish stars with intrinsic luminosi- 
ties less than one thousandth that of the sun—some- 
times less than one ten-thousandth. Having radiated 
away most of their available energy, they are, pre- 
sumably, asymptotically approaching a cold senility. 
Not many are known as yet, because they are too faint 
to appear in our ordinary surveys, but they are prob- 
tbly more numerous than any other kind of star in the 
wmiverse; hence, the importance of finding out any- 
thing new about them. 

A few years ago we first suspected that these near-by 
dwarfs are not dying off calmly. Some of them were 
uder parallax study by A. van Maanen at Mount 
Wilson. Little attention was given to his report that 
two dM stars had flared up for an hour or so and then 
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reverted to their customary steady brightness, until 
two years ago, when, on Harvard plates, one such 
faint red dwarf was found, by W. J. Luyten and 
others, to have flashed briefly on several occasions. We 
began to take the flares seriously. We computed that 
the total energy of a star flare was something like 
that of the flares on the surface of the sun (which 
disturb terrestrial short-wave radio). Since the sun is 
relatively bright, these localized blue flashes do not 
increase its total radiation appreciably; with the red 
dwarfs it is otherwise—a flare can double the total 
light. 

A little later Gordon and Kron at the Lick Observa- 
tory saw one of the red dwarfs flaring up in their 
faces. They measured it with a photoelectric photom- 
eter and found rapid changes, but all was soon quiet 
and steady. The Harvard astronomers then looked back 
at some earlier measures of the nearest of all stars, 
Proxima Centauri, which is also a red dwarf, and 
found flares recorded among the observations of the 
1930s. Further examination of the plates shows that 
within the past twenty-five years fifty of these con- 
spicuous brief flashes have occurred on Proxima Cen- 
tauri. Finally, from Swarthmore comes an unpublished 
report that still another of these near-by flare stars is 
revealed in a 1939 photograph. It quadrupled its total 
brightness and recovered completely from the flash in 
an interval of two or three hours. 

The implications are startling. A fourth of the 
near-by red dwarfs are flare stars—further study may 
show that most of them are flaring. We have opened 
up suddenly a new phase in the study of the evolution 
of stellar bodies. Perhaps we have also discovered the 
source of some of the radio signals from interstellar 
space. 

SHAPLeY 
Harvard College Observatory 
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Vow Macmillan 


Principles of General Chemistry 
| 4th Edition 


This well-known chemistry text has been thoroughly re- 
vised. More emphasis is given to the experimental back- 
ground of fundamental principles; there is closer integra- 
tion of experimental data and theory and a broad coverage 
of inorganic chemistry. Published in A pril—$5.00 


Man and the Living World 


Revised Edition 


Keeping the organization and approach the same, the 
author in his revision has added much up-to-date material 
on scope of science, antibiotics, atomic hazards, tracer 
research, reproduction, genetics, and the food prospects 
of the world. Other material has been condensed or deleted. 
Coming in June 


Introductory Chemistry 


This text for the terminal course should be particularly 
useful to students of nutrition, nursing, and physical edu- 
cation as well as for any student who needs a basic knowl- 
edge of organic and inorganic chemistry for advanced 
study in other fields. Coming in June 


THE MACMILLAN COMPANY 
60 FIFTH AVENUE, NEW YORK 11, NEW YORK 
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N order to meet the specialized needs of Civil Defense organization, NUCLEAR 

has developed specialized instruments for civilian protection. From a pocket 
monitor to complete central-station continuous radioactivity recording systems, 
NUCLEAR instrumentation offers reliable, efficient units for Civil Defense use. 


Briefly described below are three of the most recently perfected NUCLEAR instru- 
ments for Civil Defense. Complete details on these and other NUCLEAR instruments 
will be furnished promptly upon request. 


nuclear “CIVION” (Model 2383)— Compact High-Level Monitor 
SMALL— only 2” x 3” x 6%". 

LIGHT — weighs 21 ounces. 

WATERTIGHT — tough plastic case can be immersed in water without damage. 
READING RANGE from .025 r/hr. to 500 r/hr. 

DETECTS gamma and strong beta radiation. 

ONE CONTROL is “ON-OFF” switch in convenient thumb-operating position. 
ILLUMINATED METER for night use. 

LONG LIFE from botteries ... in excess of 100 hours continuous. 

NO ZERO SET required except when replacing batteries. 

BATTERIES quickly replaceable without tools. 

METER damped for stability, clearly marked 2” scale under magnifying lens window. 
ALL-PLASTIC ION CHAMBER for true roentgen reading within F.C.D.A. tolerance. 


nuclear (Model 2610A) BETA-GAMMA MONITOR 


APPROVED by F.C.D.A. for low-level monitoring. 
LIGHTWEIGHT — 10” x 4%" x 5%”. With batteries, weighs 9 Ibs. 
WATERTIGHT instrument cose and probe. 

ONE-HAND operation. 

SHIELDED PROBE for beta and gamma discrimination. 

PLUG-IN GEIGER TUBE requires no soldering. 

RANGES: 0.2, 2, 20 milliroentgens per hour full scale. 

AUDIO and VISUAL radiation indications. 

RADIOACTIVE CALIBRATION SOURCE mounted on instrument. 


nuclear (Model 2584) GAMMA SURVEY METER 
(AN/PDR-T1 Type as recommended by F.C.D.A.) 

NUCLEAR Model 2584 is a MODERN development of the wide range, low level 
AN/PDR-Tl Meter, with these improvements : 

DIAL LIGHT switch more rugged, protected against turning on accidentally. 
CASE is all cast aluminum in two parts for more stable operation. 
WATERTIGHT, yet can be arranged for opening quickly without tools. 
PUSH-BUTTON zero check allows check without changing range setting. 
CIRCUIT redesigned for greater simplicity, equal or better dependability, 
easier access. 

RANGES: 0-5; 0-50; 0-500; 0-5,000; 0-50,000 mr./hr. 

POWER SUPPLY self-contained batteries, quickly accessible for replacement. 


nuc | COT instRUMENT & CHEMICAL CORPORATION 
237 West Erie Street © Chicago 10, Illinois + Cable Address: Arlab, New York 
Export Department: 13 E. 40th St., New York, N. Y. 


®@ Scaling Units for Every Type of Radiation Counting © Glass Wall, ‘Mico Window, cnd Windowless Counters J 
© Complete “Packaged” Counting Systems ® Portable Count Rate Meters 
®@ Health Monitoring Instruments for Personne! P i ® Radioactive Chemical 


© Complete Line of Accessories for the Nucleor Laboratory 


nuclear “PRECISION INSTRUMENTATION FOR NUCLEAR MEASUREMENTS” 


CIVIL DEFENSE 
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ANNOUNCING (In press) 


ALGAE OF THE WESTERN 
GREAT LAKES AREA 


by GERALD W. PRESCOTT 
Professor of Botany, Michigan College 


This long needed volume is a treat- 
ment of all the algae (exclusive of di- 
atoms and desmids) known from 
Michigan and Wisconsin. In it are 
keyed, described and figured about 
1,100 species and the book will thus 
be of use over a geographic area far 
greater than the titie would suggest. 
It will be a standard reference for 
years to come. 


Two of the many useful features of 
the book are an illustrated glossary and 
a 49 page bibliography, perhaps the 
most extensive ever published. 


940 pages, over 1,000 illustrations 
List $10.50 


billed at $9.50 


ceived before July 1, $8.50 


SPECIAL PREPUBLICATION OFFER 


Orders received before July 1 will be 


Orders accompanied by remittance re- 


CRANBROOK INSTITUTE OF SCIENCE 


Bloomfield Hills, Michigan 
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M, Ss. Cc. 


(Mass Spectrometer Checked) 


RARE GASES 
- NEON - ARGON KRYPTON - XENON 


LinDe Rare Gases ore mass spectrometer checked to 
assure you gases af known purity and uniformly high 
quality. Available in commercial-size. cylinders and 
glass bulbs. 


LinDe, the world’s largest producers of gases derived 
from the atmosphere, can meet your individual needs 
of purity... . mixtures .. 


volume .. . containers... 


LINDE AIR PRODUCTS COMPANY 


A DIVISION OF 
UNION CARBIDE AND CARBON CORPORATION 


30 East 42nd Street [las New York 17, N. Y. 
in Canada: Dominion Oxygen Company, Limited, Toronto 


' _ The term “Linde” is a registered trade-mark of Union Carbide and Carbon Corporation 


COLEMAN BELL 


Science, Vol. 1! 


The familiar C & B trademark is your assurance that 
the product carrying this mark 

(1) has been manufactured to meet the standards and 
specifications stated upon the label. 

ne has passed our specifications prior to packaging and 

en rechecked alter packaging. 
er? *' backed by an organization which, for over thirty 
as had as its primary aim the production of 

dd Reagents of the highest purity. 


C & B Products are distributed by 


Laboratory and Physician Supply Houses 
Throughout the World 


Write for copy of catalog. The COLEMAN & BELL Co., Inc 


Manufacturing Chemists, Norwood, O., U.S.A. 
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YOUR CHANCE TO SAVE REAL MONEY! 


MAKE A MICROSCOPE—Get wonderful results. Own an in- 


aoment worth many times the cost to you. Simpl 
a U. 8S. Govt. Riflescope (Govt. cost over $65.00). 
We show you how. No machining required. Get up to 40 
Power. Scope we furnish is used but good condition .. . 
sent with extra lenses and direction sheet. 


$7.90 
‘above project, to simplify and speed up 


convert 
t’s easy! 


"NEVER BEFORE 
AT SUCH LOW, GIVE-AWAY PRICES! 


i Kalin 


if LINE 


Plate with etched parallel 
black lines—space between each 
line is same as thickness of 
the ruled line itself. Made by 
photographic process. Number 
of iines per inch ranges from 
65 to 133 as shown below. Nor- 
mally cost $4.00 to $5.00 per sq. 
inch. Used for fine measuring, 
testing and measuring astro- 
— mirrors, testing micro- 
objectives, camera ob- 
ives, and magnifiers, used in 

rs to see diffraction pattern. 


(Some seconds, slight scratches.) 
1 in, x 1 in. 2 in. x 2 in. 
Lines Stock Lines 

65 q 133-W $1.50 

85 1% 34- 85 1.50 

110 1.00 136-W 110 2.00 

120 1.00 | 2137-W 120 2.00 

133 1.00 | 2138-W 133 2.00 


All above sent Postpaid. 


MOUNTED ANASTIGMAT LENS—Free booklet with your 
order: “How to Make Your Own Enlarger.” Speed f/7.7, focal 
9 approx. 127 mms. Suitable for pe negatives, 
tives up to 34 x 43”. Stock No. 8004-W .... Postpaid 
WON - ABSORBING BEAM - SPLITTING 
develo pment ! Oo tically flat to % wave length. Size: 
115/16” x 2-15/16"—§” thick. Reflects approximately 50% 
and yoo approximately 50%. No light is absorbed. 
three-laye film which accomplishes non-absorption. 

- Postpaid 


Gov't Cost 
$200! 


Our Price 


$27.50 


2” lenses Achromatic. Amici 


LOOK AT THIS 


MOUNTED PROJECTION LENS-—s 
mm. $22.00 value for $7.50. Low flection Coated. 
8 or 16 mm. Movie Projectors 


or Editor ... for 16 mm. Micro-film Reader .. . for Con- 
tour Projector for very small items. 


LENS CLEANING TISSUE—ist quality, sheet size 11” x 7 
Made to Gov’ ~ spec. Free of abrasives. High wet stren 
Stock #721-W 500 sheets $1.00 P 
SLIDE PROJECTOR SETS—Consist of all unmounted lenses 
you need to make the following size project 


Stock mm. $2.85 Postpaid 
Stock 24038-W ......... $3.35 Postpaid 
Stock 34039-W ......... of $8.35 Postpaid 


UTILITY MAGNIFIERS 
Greater Power! Wider, Flatter Field! 

Fine, professional magnifiers made with achromatic lenses 
and precision metal parts. These efficient Magnifiers are the 
best on the market today .. . outstanding for their excep- 
tionally wide, flat field of view. Ring provided to “lock” 
focus. Excellent clarity and sharpness right out to edge of 
field. Double lens systems. Eye ms has clear diameter of 
1-7/16”", Objective Lens 1-3/8”. 

Stock No. 732-W 5 Power Magnifier buveseue $12.95 Postpaid 
Stock No. 733-W 6% Power Magnifier ...... $15.95 Postpaid 


LOOK! LOOK! 
Sheet Polarizing Mater! 
Stock #691-W ...... Tair of 1” dia. 
Stock #692-W ...... Pair of 2” dia. Circles ...... 


Swivel Head 


Complete With Tripod and Swivel 
Head Only 5%” long—8%” high 
on tripod. Adapted from Army 
telescope and worth many times our price. Excellent for 
clarity and sharpness. Has prism erecting system, achromatic 
objective, Ramsden Eye-I’lece, Lenses low reflection coated. 


“$0 MUCH for $O LITTLE! 


SIMPLE LENS KITS!-Kits include plainly written, illustrated 
booklet showing how you can build lots of optical items. 
Use these lenses in experimental —s building TELE- 

00 


k #2-W—10 lenses .. 

Steck lenses .. ostpaid 
Steck #10-W—80 lenses $10.00 
MOUNTED TELESCOPE EYE-PIECE—Kellner ty 
cellent astronomical and other telescopes. a. 
Government cost about $18.00. Focal length 24 mms. pias. 
Diameter 23 mms. Unusually wide field. 

TERRIFIC BARGAIN! BUBBLE SEXTANT 
BRAND NEW and with Automatic Electric Averaging Device 


and Illuminated Averaging Disc for nighttime use. Govt. 
cost $217. Though brand new, we have re-checked Bubble 


and Collimation and Aran’ perfect working order. 
Price includes wooden rrying Case. Full directions for 
use accompany each shipment. 


SEXTANT—TYPE A-SA. Excellent condition but 
slightly used. Each has been carefully checked and 
celiimated. Averaging device for nighttime use. 


erects the ima built-in filters—clear, amber, Carryin 
neutral and a, Slight fF condition but all guaranteed Case and instruction booklet inclu Gov't cost a 
for Perfect working order. Weight 5 Ibs. 00 Stock O46-W .............. $32.50 Postpaid 
Stock #043-W ....... $27.50 Postpaid TELESCOPE EYE- omg Pog of 2 Achromatic lenses 
L. 28 mm. in-a metal mount. 
.......... $4.50 Postpaid 
“Sy IF YOU'RE INTERESTED IN OPTICAL BARGAINS 


Prices. 


= Hove Literally Millions of Wer Surplus 
Lenses ond Prisms for Sole at —— 


ORDER BY SET OR STOCK NO. 


\Write for FREE CATALOG 


==) EDMUND SCIENTIFIC CORP 


Types of in ‘oot 
Formerly ED 
SALVAGE 


co. BARRINGTON, N. J. 


WAR SURPLUS OPTICAL BARGAINS 
| 
ave! 
| 
A WONDERFUL BUY! 
) OTTING| | 
8 Power ELBOW Telescope 
1952 | 7 


Adenosine Triphosphate (ATP); Amygdalin; Amylase; 
Animal Lecithin; Ascorbic Acid Oxidase; Bacitracin ; 


BAL; Biotin cryst.; Caffeic Acid; Carotene cryst.; 
Catalase; Cellulase; Chlorogenic Acid; Chorionic 
Gonadotropin; Circulatory Hormone; Colchicine; Cy- 
tidylic Acid; Cytochrome C; Dehydroascorbic Acid; 
Dihydroxyacetone; Dihydroxyphenylalanine (DOPA) ; 
Dipyridyl; . Edestin; Emulsin; Erythritol; N-Ethyl- 
piperidine; Fibroin; Folic Acid; Galacturonic Acid; 
Gentisic Acid; Girard Reagents P and T; Gliadin; 
Glucose Pentaacetate; Glucuronic Acid; Glyceralde- 
hyde; Glyceric Acid; Heparin; Hordenine; Hyaluroni- 
dase; 2-Hydroxyadipaldehyde; Humulon; Isoascorbic 
Acid; Isopropylarterenol; Kojic Acid; Kynurenic Acid; 
Lanthionine; Lipase; Lysozyme; Lyxose; Malononi- 
trile; Maltase; Melezitose; Mesobilirubinogen; Muscle 
Adenylic Acid; Myanesin ; p-Nitrophenylphosphate ; Nu- 
cleoprotein; Orcinol; Pancreatin; Pangestin; Panto- 
thenyl Alcohol; Penicillinase; Peroxidase; Phenazine; 
Phenylpyruvic Acid; Phloridzin; Phosphorylase; Pi- 
perin; Porphyrindene; Protamines; Pyridoxal; Pyri- 
doxamine; .Pyrocatechuic Acid; Pyruvie Aldehyde; 
Ribonuclease ; Saccharic Acid; Salmine; Serine Phos- 
phoric’ Acid; Spermidine; Spermine; Thioacetic Acid; 
Thiocytosine; Thyroxine; Trigonellin; Triphenyltetra- 
zolium Chloride; Tripyridyl; Trypsinogen; Tyrosinase; 
Tyrothricin ; Urease; Uricase; Uridine; Vitellin; 


Xanthosine. 
Ask us for others! 


CHEMICAL WORKS 


West 60th St. New York 23,N.Y 
Telephone Plaza 7-6317 


FOR pH AND CHLORINE OR BROMINE DETERMINATIONS... 


The Hellige Twin-Kit is the finest of the small testers on the 
market. Light in Weight—Simple to Operate—Scientific in 
Method—Accurate in Result. it is equipped with the famous 
Hellige Glass Color Standards that never fade or change and 
carry a lifetime guarantee. WRITE FOR FOLDER No. 800-FS 


HELLIGE, Inc. 


3718 NORTHERN BLVD. 
LONG ISLAND CITY 1, N. Y. 


Paper Partition 


CHROMATOGRAPHY 
Equipment 


4 


Cabinets, 
Cylinders G Racks, 
Miscellaneous 
Accessory Equipment 
Specially Designed 
for Paper Partition 
Chromatographic 

Analysis 
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The Importance of Science 
in American Education 


Ernst A. Hauser 
Massachusetts Institute of Technology, Cambridge, 
and Worcester Polytechnic Institute, Worcester, Massachusetts 


BOUT FOUR YEARS AGO the editor of 
one of our leading chemical journals said 
that the dramatic story of the atomic bomb 
had proved once again that most of the ad- 

vances in pure or fundamental research (and by this 
he implied not only physies, but also biology, chem- 
istry, and medicine) had been made by citizens of 
other countries, or by American citizens who had re- 
ceived their education in Europe, or by Europeans 
who had emigrated to the United States (1). Since 
I had my education in Europe and spent more than 
ten years in industry there before joining the fac- 
ulty of Massachusetts Institute of Technology twenty- 
two years ago and, since then, have also had intimate 
contact with some of our largest industrial concerns, 
I feel that I can offer an explanation as to why the 
statement referred to is absolutely correct. I also hope 
that an unbiased analysis of this situation, which 
under prevailing world conditions must be disturbing 
to every. loyal American citizen, may lead to a satis- 
factory solution. 

This opinion is shared by many others. At a recent 
meeting sponsored by the American Institute of 
Chemists, the problem of whether present education 
properly trains chemists for industry was the main 
topic. When one participant was asked if our educa- 
tion gives a truly satisfactory preparation in fields 
other than the technical to chemists entering industry, 
he answered with a categorical no (2). Another 
speaker said that, although our education provides 
the fundamentals, it hardly shows us how to apply 
them (3). At the annual meeting of the American 
Pulp and Paper Mill Superintendents Association, 
the president of the American Society of Mechanical 
Engineers made the following statement, in his ad- 
dress on “Technical Knowledge Is not Enough”: “In 
fact, I think it ean be shown that our failure to recog- 
nize and respond to our broad responsibilities as citi- 
zens and human beings, our failure to understand that 
technical progress is not enough, is the key to many 
of our greatest difficulties in America today” (4). 
This was pointed out long ago by Plato, when he said, 
“The direction in which education starts a man will 
determine his future” (5). 

Quite recently this was emphasized again by Don 
G. Mitchell, president of Sylvania Electrie Products, 
Ine., in a speech he gave in November 1950, at North- 
eastern University. As he expressed it, what worries 
industry most is that so many are able to obtain de- 
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grees but are unable to express themselves concisely 
and logically, orally and on paper. Industry expects 
graduates to have a mature outlook and a realization 
that they are no longer children to be eared for but 
are individuals who must be worthy of their hire. 

The situation may be viewed through the eyes of 
men who already have offered ample proof that their 
primary interest is the improvement of our educa- 
tional systems. Recently the U. 8. Commissioner of 
Education drew attention to the undeniable fact that 
a very great number of educational institutions still 
organize their curricula in watertight compartments, 
and that all efforts to penetrate the barriers between 
departments are jealously resisted (6). In an article 
of very recent date, a former college professor and 
president points out that we are far too reluctant to 
insist on those formative disciplines which alone can 
promise proficiency in doing and thinking, and that 
our schools are seriously crippled by the assumption 
that the acquiring of the skills and the understanding 
necessary for effective thinking and honorable living is 
really quite easy. He also expresses the opinion that 
the teacher’s art should be to devise ways of imparting 
to the learners a respect for the basic wisdom of their 
forebears (7). 

The basic difference between a German and an 
American university or college is that the latter per- 
mits the student to devote himself to a specialized 
branch of science or technology far too early, so that 
the last college years are used as preparation for an 
advanced specialized education, thereby cutting down 
the time that should be devoted to general education 
(8). Another essential difference between our training 
technique and that used in Europe is that we use 
systematic drilling as a method of instruction; this 
ean provide sound knowledge, but is hardly likely to 
promote self-reliant thinking and the spirit of re- 
search. The excessive use of the textbook may also be 
criticized because it works in the same direction (9). 

To find a truly satisfactory explanation for this dif- 
ference, it is necessary to probe more deeply into the 
educational systems of Europe and the United States. 
First of all, it must be borne in mind that throughout 
most of Europe only those who have graduated from 
the Gymnasium or Realschule may enroll in a uni- 
versity or comparable technological institute. When 
graduating from one of these schools, which they have 
had to attend for eight years (having left grammar 
school at about ten or eleven), students have aequired 
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a background of general education at least compara- 
ble to that of American students starting the junior 
year in college. 

Having given this problem considerable thought 
ever since becoming fully acquainted with our educa- 
tional system as a faculty member of the two leading 
technological institutions in the Commonwealth of 
Massachusetts, and also after having been closely con- 
nected with industry, where prosperity will always 
depend on the qualities acquired by the younger gen- 
eration during their education, I have come to the 
conclusion that what we need more than anything else 
is to offer all students a more general appreciation of 
what science actually stands for. As President Con- 
ant, of Harvard University, has said: 


One of the difficulties in presenting science as part of 
general education at both the school and coilege level is 
that of selection. The progress in all the sciences in the 
last three hundred years has been so great that the fac- 
tual information is enormous. Even the selection of the 
major principles to be expounded is no easy matter. Ques- 
tions of the reality of atoms, molecules, electrons, neu- 
trons, not to mention photons and light waves and three- 
dimensional space, we should want to postpone to a college 
course. And even at the college level some of us would 
doubt the student’s ability to handle them adequately as 
part of science. Rather, we should direct our students to 
study philosophy to see the various types of current 
answers (10). 


Perhaps of even greater importance for anyone in- 
terested in the problem of why science is essential in 
modern education are the following statements (11) : 


What is needed are methods for imparting some knowl- 
edge of the Tactics and Strategy of Science to those who 
are not scientists. But even if we agree that it is not 
more knowledge about science (more facts and principles) 
but some understanding of science that is required by the 
general public our pedagogic problem is not solved. For 
there are two ways of probing into complex human activi- 
ties and their products: one is to retrace the steps by 
which certain end results have been produced, the other 
is to dissect the result with the hope of revealing its struc- 
tural pattern and exposing the logical relations of the 
component parts, and, incidentally, exposing also the in- 
consistencies and flaws. Philosophic and mathematical 
minds prefer the logical approach, but it is my belief 
that for nine people out of ten the historical method will 
yield more real understanding. 

The objective would be to give a greater degree of 
understanding of science by the close study of a relatively 
few historical examples of the development of science. 

The case histories would almost all be chosen from the 
early days in the evolution of the modern discipline, as 
for example certain aspects of chemistry in the eighteenth 
and nineteenth centuries. The advantages of this method 
of approach are twofold: first, relatively little factual 
knowledge is required either as regards the science in 
question or other sciences, and relatively little mathe- 
matics; second, in the early days one sees in clearest light 
the necessary fumblings of even intellectual giants when 
they are also pioneers; one comes to understand what 
science is by seeing how difficult it is in fact to carry out 
glib scientific precepts. 


Along similar lines, I. Bernard Cohen, of Harvard, 
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quite recently said that we can give students a more 
general appreciation of what science stands for by 
making them more familiar with the human side of 
those to whom we owe the greatest discoveries in 
science, and with the circumstances that led them to 
the accomplishments for which they are now famous 
(12). A few specific examples will lend support to 
my opinion that this would be the best way of demon- 
strating the importance of science in education. 
Henry Louis Le Chatelier (1850-1936) pointed out 
that the factors most necessary for successful edueca- 
tion are enthusiasm, judgment, imagination, and a 
large fund of organized knowledge. These factors 
must be imparted to the student by the teacher him- 
self, because a textbook can never accomplish it (13), 
In the Bakerian Lecture that Michael Faraday de- 
livered in 1857 (14), he pointed out that, if a drop 
of a solution of phosphorus in carbon disulfide is 
added to a solution of gold chloride and the whole is 
well shaken together, the solution immediately be- 


comes red. Although the solution was absolutely clear, . 


Faraday concluded, on the basis of his knowledge of 
the reaction that must have taken place, that metallic 
gold should be present in the solution. On the as- 
sumption that this solution might be analogous to 
what looks like clean air in daylight but which in the 
dark will show the path of a concentrated beam of 
light, he placed the container of gold solution in a 
darkened room in front of a concentrated light source. 
The particles were then evident because the cone of 
light passing through the solution became visible, 
even though the illuminated particles themselves could 
not be individually distinguished because of their mi- 
nuteness. 

For fifty years thereafter the majority of scientists 
still claimed that the visibility of the light cone in 
such solutions was made possible only by the presence 
of impurities or comparatively large, suspended gold 
particles. One of the strongest supporters of this so- 
called solution theory was Richard Zsigmondy. By 
pure logical reasoning and strict adherence to the 
truth of experimental evidence, however, he was the 
first to prove and admit that he was wrong in his 
former deductions, and that the so-called heterogene- 
ous theory of colloidal solutions, postulated many 
years before by Wilhelm Ostwald (8), was correct. 
He decided to replace the human eye with a micro- 
scope, place such a gold solution under it, and pass a 
concentrated beam of light through it. In the publica- 
tion in which he discussed this experiment and in 
which he refuted the solution theory (15), he made 
the following statement: 

How entirely erroneous was this idea! A swarm of 
dancing gnats in a sunbeam will give one an idea of the 
motion of the gold particle in the solution. This motion 
gives an indication of the continuous mixing up of the 
fluid, and it lasts hours, weeks, months, and if the fluid 
is stable, even years. 


Near the end of the year 1895 Wilhelm Konrad 
Roentgen, at that time professor of physics at the 
University of Wuerzburg in Bavaria, discovered that, 
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if he placed crystals of barium-platino-cyanide near 
a Crookes tube, they became brilliantly fluorescent, 
even if he covered the tube with cloth. He also found 
that photographic plates, which had been well pro- 
tected against light and had never been exposed, would 
show complete darkening after development if they 
had been left lying close to the covered tube when it 
was in use. This phenomenon had already been noticed 
previously by Sir William Crookes himself, who 
blamed the darkening on the manufacturer of the 
plates. When Roentgen found, however, that a piece 
of metal or bone placed between the Crookes tube 
and the photographie plate would show a white or 
slightly grayish reproduction of its shape on the de- 
veloped plate, he immediately concluded that the tube 
was emitting rays invisible to the human eye, but 
capable of a reaction within the photographic emul- 
sion. Furthermore, he concluded that this radiation 
must be of such a wavelength that it passed certain 
structures unhindered, but was absorbed by others to 
a greater or less degree, depending on their character. 
This is the basis for the discovery of the x-ray tech- 
niques now so important in many branches of science, 
including medicine. 

Using these deductions, the German physicist Max 
von Laue theorized early in 1912 that the lattices of 
crystals which indicated a periodicity of about 10-* 
em should act as gratings for x-rays and diffract them 
in definite directions. By passing a narrow beam of 
x-rays through a erystal and placing a photographic 
plate behind it, it was found that the plate was cov- 
ered with a regular pattern of spots. This was ex- 
actly what von Laue had predicted. With rotation of 
the crystal while the exposure was being made, the 
individual dots changed into a series of dots showing 
a well-defined pattern. From this discovery Peter 
Debye and P. Scherrer reasoned that the various dots 
are due to every crystal plane coming into a reflecting 
position, the reflection then being registered on the 
photographic plate, and that it should be possible to 
obtain a pattern suitable for an evaluation of the 
structure by placing powdered crystal in front of the 
xray beam. They further reasoned that by the law 
of probability all possible reflection angles should be 
available in such a powdered column, comparable to 
results obtained when a perfect crystal is rotated in 
front of the x-ray beam. This is the basis for the de- 
velopment of the so-called powder method (16). 

Other discoveries offer excellent proof of the im- 
portant part logical thinking plays in any field of 
scientific research. In 1889 two physicians found that 
the urine of dogs from which the pancreas gland had 
been removed became sweet in comparison to that of 
healthy animals. From this observation, they postu- 
lated that this must be due to the withdrawal from 
the body of a hormone that regulated the metabolism 
of carbohydrates. In 1921 it was discovered that ex- 
tracts of partially degenerated pancreas glands con- 
tained this substance. Soon thereafter it was found 
that this substance, now known as insulin, could be 
extracted with alcohol and purified by fractional pre- 


June 8, 1951 


cipitation. The foundation for modern diabetes theory 
had been laid. 

In another branch of medicine similar reasoning has 
quite recently made possible a new approach to the 
treatment of kidney stones; unquestionably, detailed 
reports pertaining thereto will be forthcoming in the 
near future. 

The rubber latex industry offers additional proof of 
how much more important logical thinking is than 
anything else for the further development of science 
and technology. In the early 1920s it was known that 
cow’s milk could be concentrated by careful evapora- 
tion, and even made into a powder by spray-drying. If 
such milk powder was dissolved in the proper quan- 
tity of water, milk of unchanged properties resulted. 
When the same experiment was carried out with the 
milk exuding from the rubber tree, little rubbery 
particles formed that adhered to each other readily 
and could not be put back into solution. The experi- 
ment was considered a failure and was discontinued. 
One young man who witnessed these tests decided to 
get to the bottom of the problem, so he carried out 
some chemical analyses and made microscopic studies. 
He found that the butterfat particles in cow’s milk 
are much larger than the rubber hydrocarbon parti- 
cles in latex. He also found that the casein, which 
acts as a coating for the emulsified butterfat particles, 
is present in higher concentration for a given amount 
of butterfat than the protein constituent of the latex 
in relation to the rubber particles. Since the latter 
are much smaller, the interface between emulsified 
rubber hydrocarbon and water is much greater than 
the interface in cow’s milk. From these facts he drew 
the logical conclusion that the failure of the concen- 
tration experiment was quite independent of the 
chemical composition of the two emulsions, and was 
due only to the lack of a quantity of emulsifier suffi- 
cient to cover the much greater interface in the rub- 
ber latex. The only solution of the problem indicated 
by these results was to add an appropriate emulsifier, 
or protective colloid, to make up the difference in 
concentration. The experiment turned out success- 
fully. The first concentrated, redispersible rubber latex 
had been made. 

I might also mention that our entire wartime pro- 
duction of synthetic rubber would have been impossi- 
ble if we had not had at our disposal all the informa- 
tion that led German scientists, on the basis of 
straight, logical thinking, to the development of the 
process of emulsion polymerization. 

Some years ago it was found that gels made from 
a certain type of natural clay known as bentonite 
would, when spread out on an appropriate surface, 
form a very thin, coherent film upon desiccation. Al- 
though this film exhibited dielectric properties eom- 
parable to those of the best mica available, it had the 
drawback of completely degenerating in the presence 
of moisture. It was decided to find out what might be 
the reason for the difference between this film and 
natural mica. As a result of careful chemical analysis, 
x-ray diffraction studies, and ultramicroscopie obser- 
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vations, it became evident that the main reason for 
the difference was the lack of potassium ions in the 
synthetically formed system. As soon as these, or 
other ions comparable to potassium in size and charge, 
were introduced; into, the film by a simple chemical 
process, a product resulted that was comparable in 
every respect to the finest mica available. It was this 


materia] that, helped our nation during World War IT 


to overeome the serious .shortage. of natural. mica, 
which had previously been imported from India (17). 

I have selected these examples because a survey of 
the textbooks now used to educate our young people 
reveals a serious lack of this type of information. 
The inclusion of such material explains to the reader 
in terms he can understand, even if he does not in- 
tend to become a scientist, not only what science 
stands for and how new discoveries are made, but 
also on what logical reasoning the latter are based. 
This would give the educator a unique opportunity for 
impressing on his students that the introduction of 
the history of science into general education need not 
be limited to prospective scientists. Its main purpose 
would be to offer the younger generation factual evi- 
dence of the importance of clear and logical thinking 
in the evolution of mankind, and to impress on them 
that this deserves more respeet than acquiring a com- 
mand of mathematical equations, chemical formulas, 
and the like. It is of far greater significance in a 
general education than a smattering of specific 
sciences without the basis really to understand them. 
In a world such as ours it is our duty to change the 
educational system so that every citizen is taught 
science in a manner he can understand, and without 
unnecessary and frequently outdated dogmas. At the 
Regional Conference on Teacher Education and Pro- 
fessional Standards held at Harvard University on 
December 15, 1950, Finis E. Engleman, Connecticut 
Commissioner of Education, said that “in this time 
of international strain, children are likely to be our 
first casualties through neglect of education.” The 
true purpose of education should be not to make living 
textbooks, so to speak, but to do what Socrates pro- 


claimed—namely, to achieve individual independence 
and spiritual self-reliance. The true purpose of 
science always has been, and should remain, to serve 
life and not to dominate it. What we must do is to 
give our young people such a grounding in the philo- 
sophical principles on which the evolution of science 
is based as will prove to them that textbook knowledge 
alone is insufficient. To accomplish this we must 
change our curricula so that more emphasis is placed 
on the disciplines that teach proficiency in doing and 
thinking—for example, by offering courses on the 
historical development of science and technology and 
what has been accomplished thereby in other countries, 
as well as in our own. 

In addition, we must also realize that such a change 
will be difficult, if at all possible, as long as those 
responsible for the selection of high-school head- 
masters and college and university presidents are more 
interested in satisfying political, religious, economic, 
and local interests than in obtaining for such posi- 
tions individuals who can offer proof that they al- 
ready have devoted, and are prepared to continue to 
devote, their lives primarily to science in education. 
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Studies on Pollination of Hevea 

Brasiliensis in Puerto Rico 

H. E. Warmke 

Federal Experiment Station? in Puerto Rico, Mayaguez 
Although many studies of pollination in the Para 

rubber tree, Hevea Brasiliensis (Willd. ex Adr. Juss.) 
1 Cooperative investization with the Division of Rubber 

Plant Investigations, BPISAE, Beltsville, Md. 


* Administered by the Office of Experiment Stations, Agri- 
cultural Research Administration, USDA. 
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Muell. Arg., have been made, the actual method of 
pollination in nature has remained a puzzle. The fact 
that Hevea is monoecious, with the anthers and stig- 
mas borne on the same inflorescence but in separate 
flowers, makes it necessary that a transfer of pollen 
occur. Moreover, the indication that at least certain 
clones are highly self-sterile makes it necessary that 
pollen be transferred not only from male to female 
flowers, but also from one tree to another, for sexual 
reproduction to occur. 

Evidence has pointed strongly to insect pollination 
in Hevea. The flowers are colored, have a character- 
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istic odor, and the reproductive portions are well en- 
closed within the corolla. Inflorescences containing 
numerous male and female flowers, when enclosed in 
insectproof bags, fail to set fruits (1,2), even on 
trees known to be partially self-fertile. The pollen 
grains themselves are heavy and sticky and are not 
produced so abundantly as among the common wind- 
pollinated species. Vaseline-coated slides have failed 
to collect pollen when placed among Hevea flowers 
2). 

In no instance, however, has an insect been shown 
to be the pollinating agent. In Indonesia and Malaya 
various small flies and bees, bugs, ants, weevils, and 
caterpillars (1,3) have been observed about Hevea 
flowers. Morris captured and examined 3 or 4 sorts 
of bees, which he watched enter male flowers for pol- 
len. The baskets on the legs of these insects were filled 
with pollen which was identified under the microscope 
as that of Hevea. Nevertheless, not one of these in- 
sects was seen to enter a female flower. Seibert (4), 
working in South and Central America, reports find- 
ing many ants on Hevea flowers and considers that 
these may be factors in self-pollination, but not in 
eross-pollination. He suggests species of Melipona, 
Trigona, and Augochlora as possible night-flying pol- 
linators. Muzik (2), working in Liberia, reports that 
during months spent in hand-pollinating rubber trees 
practically no insects were ever seen. He was not able 
to determine how natural pollination is accomplished. 

Last spring (1950), during the examination of the 
stigmas of a large number of female flowers under a 
dissecting microscope, to determine whether the low 
fertility in Hevea (frequently 5%, or less) was possi- 
bly due to inadequate pollination, a discovery was 
made that throws new light on the problem of insect 
pollination in this species. A majority of open flowers 
were found to have small brown hairs or bristles 
caught on the sticky stigmatic surfaces. These hairs 
were so sinall they could be seen only under a dissect- 
ing binocular. They generally were found in patches, 
and then usually on the sides of the stigmas—as if 
brushed off on the sticky surfaces by some small in- 
sect which crawled in between the stigma and the nar- 
row corolla tube. These hairs were found on a large 
portion of Hevea flowers; in one series of counts, 
hairs were found on 101 of 128 stigmas examined at 
random. 

There also appeared to be a positive correlation be- 
tween the presence of hairs on the stigmas and the 
presence of pollen grains. In the same group of 128 
stigmas, pollen grains were found to be present on 98. 
On 88 of these 98 stigmas with pollen, hairs also were 
found. Thirteen of the 30 stigmas without pollen had 
hairs, and 17 had none. Further evidence of a relation 
between the presence of hairs and pollination was 
afforded by a study of another group of flowers, se- 
lected as having been open only a few hours. In 
these flowers (where a possible relation between the 
position of hairs and pollen grains on the stigmas was 
not complicated by multiple insect visits), pollen 
grains and hairs were found to be located in the same 
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general area on the stigma in 33 of 38 flowers. This 
would suggest that pollination of Hevea, in a ma- 
jority of cases in Puerto Rico, is associated with the 
visits of insects which leave telltale hairs on the sticky 
stigmas on entering and leaving the flowers. 

No insects were observed to enter the female flow- 
ers. In an attempt to capture the unidentified insect, 
3” x 5” ecards were spread thinly on one side with an 
adhesive compound*® and wrapped in loose cylinders 
around the branches, just below the inflorescences. 
During 24 hr, these ecards captured scores of insects, 
mostly thrips, Frankliniella cephalica (Crawf.) ;* 
numerous small flies, among them Eugarar insularis 
Mall, Oscinella forbesi Curr.; various unidentified 
species of Chrysotus, Thrypticus, Hybos, Megaselia, 
Pholeomyia, Drapetis, and Gaurar; and several 
heleid midges of the genus Dasyhelea. These midges 
were found to have body bristles and antennal hairs 
very similar to those observed on the stigmas of pol- 
linated flowers. 

To limit the captured insects more precisely to those 
that entered, or at least rested on, the flowers a 
quantity of the adhesive compound was warmed and 
touched lightly to the recurved petal tips of a group 
of young female flowers. After 24 hr, 111 treated 
flowers were removed from the trees and brought to 
the laboratory for examination. These were found to 
have 26 thrips; 15 heleid midges of the genera Dasy- 
helea, Atrichopogon, and Forcipomyia; 9 small flies, 
including Palaeosepsis furcata (Mel. & Spuler) and 
Platophrymia nigra Will., and others similar to those 
caught on cards; and 2 or 3 small wasps of the genera 
Pseudeucoila and Goniozus. When stigmas from fresh 
flowers were touched to the wings and backs of these 
insects, only the midges were found to shed hairs 
freely. The hairs from the midges, when mounted and 
studied under the compound microscope, appeared to 
be identical with those previously recovered from the 
stigmas and similarly mounted. 

It would thus appear that the insects responsible 
for shedding the hairs on Hevea stigmas are midges 
of the family Heleidae. Subsequently, some 22 living 
and dead specimens (6 males and 16 females) were 
found stuck to the stigmas of untreated flowers. Ap- 
parently the stigmatie surfaces are sufficiently sticky 
that these small insects not only lose bristles when 
entering and leaving the flowers but are themselves 
sometimes caught. This is especially true when the 
wings happen to come in contact with the stigma. 
Among the midges caught in Hevea flowers, many 
were found to carry pollen grains on their bodies. 
As many as 12 grains were counted on a single male 
on the bristles of the thorax, head, and antennae. 
These grains are held loosely among the bristles, 
where they could easily be deposited on the sticky 
stigmas by chance contact. 

It was noted above that another small insect, thrips, 


*Tree Tanglefoot, manufactured by the Tanglefoot Co., 
Grand Rapids, Mich. 

*All insect identifications were made by members of the 
Division of Insect Identification, Bureau of Entomology and 
Plant Quarantine, USDA, Washington, D. C. 
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was also abundant on Hevea flowers. Thrips, were 
found to be so numerous during the course of these 
investigations that probably very few flowers escaped 
their visits. There are indications, however, that 
thrips are not as important pollinators of Hevea as 
are the midges. It is clear that thrips are not responsi- 
ble for leaving the hairs on the stigmas. Although 
placed on the stigmas and roughly rubbed back and 
forth with a dissecting needle, several live thrips 
failed to leave any hairs on the sticky surfaces. Thrips 
also were observed to carry very little pollen on their 
bodies, and this was usually stuck in masses of latex 
with which the insect had come in contact. Pollen so 
held is extremely difficult to dislodge. Finally, this 
species of thrips appears to move largely by crawling 
and hopping and to have little or no capacity for 
sustained flight. This suggests that any pollination 
accomplished by thrips would likely be from pollen of 
the same inflorescence (self-pollination). In fact, the 
stigmas observed to have pollen grains but not hairs 
may be in part the result of thrips’ activity. This 
viewpoint is strengthened by the observation that 
stigmas with pollen grains only are less adequately 
pollinated than those with both hairs and pollen (22 
stigmas with pollen only had an average of 4 grains/ 
stigma, as compared with more than 16 grains /stigma 
for 38 having both hairs and pollen) .° 

The various small flies caught in the adhesive on 
the cards and petals, though numerous, are not be- 
lieved to be of importance in pollination. They were 
never seen to be carrying pollen on their bodies, and 
none was ever observed to enter a female flower. Any 
pollination accomplished by them would seem to be 
accidental rather than systematic. 

Pollination in cacao (Theobroma cacao), prior to 
the recent work in Trinidad, had been about as much 
of a puzzle as that of Hevea, and it is interesting that 
eventually midges of the same family as those de- 
scribed in the present report were found to be the 
effective pollinating agents. Posnette (5) showed be- 
yond any question that heleid midges (identified as 
Forcipomyia quasi-ingrami Macfie, Lasiohelea nana 
Macfie, and L. stylifer Lutz [6]) are the chief polli- 
nators of cacao in Trinidad. Midges of this group 
are thus known to carry pollen and to be effective pol- 


* linating agents in another plant species. 


The habits and life histories of the heleid midges 
are not well known. Some species have aquatic larvae, 
and others are thought to breed in damp soil or decay- 
ing organic matter. The breeding places of the midges 
found in the Hevea plantings at Mayaguez are not 
known; nor is it known whether these insects are of 
importance in Hevea pollination outside Puerto Rico. 
The family has a wide distribution, however, and it is 
possible that their habits and small size (about 1 mm 

5 That thrips are responsible for some pollination in Hevea 
seems certain after a recent observation. Female flowers 
tightly covered with soda straws immediately before anthesis 
sometimes were found to have pollen grains on their stigmas 
when carefully examined some days later. An occasional 
thrips was found inside such covered flowers, and it is highly 


unlikely that any other insect could have gained access to 
these stigmas. 
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in length) may have caused them to be overlooked in 
previous pollination studies. Actually, at no time dur- 
ing the present studies have these insects been ob- 
served in flight around Hevea inflorescences. If the 
hairs or bristles had not accidentally been found on 
the stigmas and the midges identified from this clue, 
their potential role in pollination might not have been 
discovered. 
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Rate of Circulation of the Body Fluid 
in Adult Tenebrio molitor Linnaeus, 
Anasa tristis (de Geer), and 
Murgantia histrionica (Hahn) 


Roderick Craig and N. A. Olson 


Division of Entomology and Parasitology, 
University of California, Berkeley 


The rate of circulation of body fluid in insects and 
the time for an introduced material to become homo- 
geneously mixed with it are important factors in cer- 
tain studies in insect physiology and toxicology. Only 
brief, incidental references to the rate of circulation 
of insect body fluid have been found in the literature 
(1-5). Much more is known about the rate of move- 
ment and mixing of mammalian blood. The times for 
blood movement between comparable points in various 
mammals are: rabbit, 7.5 sec; dog, 16 sec; man, 23 
sec; and horse, 28.8 sec (6). The time for complete 
mixing of the blood in man has been estimated to be 
between 2 and 4 min (7-9). The time for complete 
mixing of the blood in dogs is about 5 min (10). 

Since insects have an open circulatory system, it 
may be more nearly correct to speak of the time for 
uniform mixing of insect blood rather than of the 
time for a complete circuit of any portion of it. One 
of the standard (and best) ways to determine the time 
of cireulation of the blood of an animal is to introduce 
a substance whose concentration can be determined 
in a small portion of the blood. Elements such as 
phosphorus, which are normal constituents of insect 
blood, and which can be made radioactive, make it 
possible to use this method on even the smaller inseets. 

The usual path of the circulating blood in an inseet 
is anteriorly through the dorsal vessel and posteriorly 
through the ventral portion of the body eavity (11, 
12). A substance injected near the posterior end of 
the heart would be expected to reach first the wings, 
then the antenna, and first, second, and third pairs of 
legs in order. As the blood containing the injected sub- 
stance reaches an appendage, e.g., the antenna, the 
amount present will increase to a maximum in each of 
the pair and then decrease as unadulterated blood fol- 
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lows. If we can find the time of this maximum we 
know the time for circulation. In the open circulatory 
system of an insect there is considerable mixing, and 
the maximum is not sharp, so that all one usually finds 
is a time beyond which no further increase in concen- 
tration of added substance occurs. This time for 
reaching maximum concentration can be found by 
removing one appendage of a pair and later, after 
mixing is complete, removing the other. If the con- 
centrations are the same in the two appendages, the 
maximum occurred at or before the time of removal 
of the first appendage. If the first removed appendage 
has a lower concentration the time of maximum had 
not been reached. 

The speed of mixing in the blood of an injected 
solution containing radiophosphorus was determined 
in the adults of three species of insects: the yellow 
meal worm, Tenebrio molitor Linnaeus; the squash 
bug, Anasa tristis (de Geer); and the harlequin cab- 
bage bug, Murgantia histrionica (Hahn). Adults were 
injected with a 3% aqueous solution of Na,HPO, con- 
taining radiophosphorus,' using a mounted microin- 
jector. The solution used had a radioactivity of 100- 
200 ue/ml. About 0.001 ue was needed for a satisfac- 
tory test with the counter, and 0.1-0.6 ue was injected, 
in 1-3 ul of solution. All injections were made at room 
temperature. At various times after injection, an ap- 
pendage (leg, antenna, or wing) was cut off, and the 
amount of radiophosphorus present was determined 
with a Geiger-Mueller counter. After a time long 
enough to ensure complete mixing of radiophosphorus 
in the blood, the corresponding appendage on the 
other side of the insect was removed and its content 
of radiophosphorus was determined. If the first ap- 
pendage of a pair had less radiophosphorus than the 
second, the former was presumed to have been cut 
off before the injected solution was evenly distributed 
in the body fluid. If the same radioactivity was found 
in the two appendages, distribution of the radiophos- 
phorus was considered to have been complete before 
the first was removed. It was shown that the radio- 
phosphorus would reach corresponding appendages on 
each side of the insect at essentially the same time. 
In 10 experiments corresponding appendages from 
both sides were cut off simultaneously to check the 
assumption that the injected solution would reach 
them at the same time. The greatest percentage of 
deviation from the average radioactive content of a 
given pair of appendages was 30%; the least, 4%; 
the average, 12.5%. 

Experiments showed that neither the presence of 
radiophosphorus nor the injection techniques caused 
any obvious departure from the normal in the insects 
used. Adult 7. molitor that had been fed radiophos- 
phorus as larvae reproduced. Seven adult T. molitor 
injected with 2 ul or more of the radiophosphor- 
solution survived on the average as long as 3 insects 
that were not injected. The rate of heart beat did not 
change significantly in at least 10 of 14 adult 7. 


1Obtained through the courtesy of the Radiation Labora- 
tory of the University of California in 1939. 
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TABLE 1 


TIME FoR UNIFORM MIXING or INJECTED 
RADIOPHOSPHORUS 


Insect 
species 
and site 
of in- 
jection 


Appendage 


An- 
tenna* 


First 


Wing* leg" jeg 


Murgantia 
histrionica 
Posterior 
abdomen 
venter — 14 15 15 16 17 23 22 
Murgantia 
histrionica 
Anterior 
abdomen 
venter 10 14 18 15 19 23 24 25 
Murgantia 
histrionica 
Head 
vertex 2318 215 75 72 16 14 
Anasa 
tristis 
Posterior 
abdomen 
venter —— 25 25 27 23 32 32 
Tenebrio - 
molitor 
Posterior 
abdomen 
venter 
Tenebrio 
molitor 
Posterior 
abdomen 
dorsum 


65 10 65 


214—— 45 8 


* First figure of each pair is maximum time in minutes at 
which mixing was not complete. Second figure is minimum 
time at which mixing was complete. 


molitor injected with water, radiophosphorus solu- 
tion, or a saline solution. 

The results are shown in Table 1. It is to be ex- 
pected that, since different individuals were used in 
each experiment, the minimum time in one insect may 
exceed the maximum time in another insect of the 
same species. The “average” time needed for com- 
plete mixing lies somewhere between the two values. 
The data showed that in M. histrionica and A. tristis 
radiophosphorus reached different appendages at dif- 
ferent times. The injected solution usually reached 
the appendages in the following sequence: wings, 
antennae, and first, second, and third legs. The start- 
ing point of this sequence varies with the site of in- 
jection. Fluctuation in the radioactivity of append- 
ages cut off before a maximum amount of radiophos- 
phorus had reached them may occur, but in most 
experiments there were no significant fluctuations in 
radioactivity after the maximum had been attained. 
Apparently, therefore, the time for a complete cir- 
culation of the body fluid and the time for complete 
mixing of the injected solution were the same. 

M. histrionica were injected in three places in dif- 
ferent experiments, ventrally at the anterior and pos- 
terior ends of the abdomen, and at the vertex of the 
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head. The sequence in which appendages received the 
maximum radiophosphorus content was the same re- 
gardless of the point of injection; the wings were 
reached by the radiophosphorus first after injection 
in the abdomen and last after injection in the head. 
When the insect was injected in the head the first 
pair of legs consistently showed a decrease after an 
initial rise to a maximum radiophosphorus content. 
Apparently the injected solution was very poorly 
mixed with the body fluid in so short a distance. Com- 
plete mixing of the body fluid required about 25 min. 
In A. tristis the order in which the radiophosphorus 
reached the appendages was the same, with a time to 
a maximum of about 35 min. Not enough experiments 
were performed with 7. molitor to show the sequence 
in which the radiophosphorus reached the appendages. 
The time for uniform mixing can be estimated at 
8-10 min. 
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An Instance of the Occurrence of 
Carcinogenic Substances in 
Certain Barnacles* 


Michael B. Shimkin, B. Kenneth Koe, 
and L. Zechmeister 


Laboratory of Experimental Oncology, 

National Cancer Institute, and the University of 
California School of Medicine, San Francisco; 
Gates and Crellin Laboratories of Chemistry, 
California Institute of Technology, Pasadena 


The chromatographic fractionation of some ex- 
tracts obtained from a sample of the thatched barna- 
cle (Tetraclita squamosa rubescens) showed on lime 
and alumina columns the presence of several zones 
that displayed intense blue fluorescence in ultraviolet 
light. Some of the fractions were crystallized and gave 
in hexane solution extinction curves that were typical 
for polycyclic aromatic hydrocarbons. The carbon and 
hydrogen content of one of these fractions (5 mg 
from 1 kg barnacles), as well as the observed molec- 
ular weight, corresponded to the values calculated for 
benzpyrenes. Furthermore, a spectroscopic examina- 
tion, although also indicative of accompanying 
isomers or close analogs, demonstrated the presence 
of 3,4-benzpyrene in the crystalline mixture. Conse- 


1 Publication No, 1497. Contract NR-059-207 of the Office 
of Naval Research. 
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quently, this particular sample was tested on mice for 
carcinogenic activity. 

The material was dissolved in tricaprylin, 5 mg/ml. 
Twelve male C,H mice, 3 months old, received a single 
subcutaneous injection of 0.5 mg in 0.1 ml; 12 addi- 
tional mice were injected with 0.25 mg in 0.05 ml. 
The mice were maintained on Purina dog chow and an 
unlimited supply of water. They were examined 
weekly for the presence of progressively growing 
tumor at the site of injection. 

Four of 12 mice receiving 0.5 mg of the material 
developed subcutaneous tumors in 16, 17, 19, and 20 
weeks following injection. Two of 12 mice receiving 
0.25 mg developed tumors in 17 and 19 weeks. The 
remaining 18 mice were alive and free of tumor 36 
weeks after injection. 

The mice with tumors were sacrificed when the 
tumors reached 1-2 cm in diameter. On histologic ex- 
amination, all 6 were seen to be spindle-cell sarcomas 
with local invasion of areolar and muscular tissue, 
Morphologically they were indistinguishable from’ 
tumors induced with 3,4-benzpyrene and other poly- 
cyclic carcinogenic hydrocarbons (1). The first tumor 
to be noted was transplanted into six C,H mice and 
grew vigorously within 10 days, maintaining its 
sarcomatous appearance. 

Previous data (2,3) showed that 80-90% of C,H 
male mice developed sarcomas within 20 weeks after 
the subcutaneous injection of 0.25-0.5 mg of 3,4- 
benzpyrene dissolved in tricaprylin. The incidence of 
approximately 25%, and the longer latent period of 
the tumors in this investigation, suggest that the ma- 
terial tested contained 10-40% of the active ecarcino- 
gen, assuming that 3,4-benzpyrene was the only such 
compound present and that other substances in the 
sample did not alter the carcinogenic reaction. The 
presence of an active carcinogen was unquestionably 
demonstrated. 

Comparative work on barnacles has shown that the 
polyeyelic aromatic hydrocarbons do not constitute 
normal metabolic products but may reach these or- 
ganisms accidentally. The possibility of tarry ma- 
terials, from ships or submarine oil wells, being car- 
ried to the filter-feeding intertidal sedentary animals 
constitutes a potential external source for aromatic 
polycyclic hydrocarbons. We may also mention that 
the wooden pilings from which the material was col- 
lected at Corona del Mar, Calif., had been given a 
surface creosoting 10 years previously. 

It has been observed that the goose barnacle 
(Mitella polymerus), collected from another habitat 
(on and among the mussels growing on the pier 
pilings at the Scripps Institution of Oceanography, 
La Jolla, Calif.), also yielded a fluorescent fraction 
whose extinction curve was indicative for the presence 
of 3,4-benzpyrene, although the quantity of this frac- 
tion was at least 10 times less than mentioned above. 
In contrast, our fluorescing fractions from Tetraclita 
squamosa rubescens, originating from rocks near La 
Jolla, were found to be of different nature and free 
of benzpyrene or similar compounds. 
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A detailed report on the isolation and characteri- 
zation of polycyclic aromatic substances from barna- 
eles will be given elsewhere. 
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An Analog of Histamine that Stimulates 
Gastric Acid Secretion without other 
Actions of Histamine 


C. E. Rosiere and M. I. Grossman 


Department of Clinical Science, 
University of Illinois, College of Medicine, Chicago 


During a survey of the stimulatory and inhibitory 
actions of chemical analogs of histamine on gastric 
secretion, one compound was found that possessed 
the unique property of stimulating gastric acid secre- 
tion without producing any of the other pharma- 
eologie actions of histamine. The compound is 3-(6 
ethylamine) pyrazole (compound XXIV). Its struc- 
tural formula is: 


CH—C—CH,—CH,—NH, 
ch 


It will be seen that this is an isomer of histamine in 
which the ring has a pyrazole instead of an imidazole 
configuration. The relationship of the side chain to the 
=N— is the same as in histamine. The compound was 
first synthesized and studied by Lee and Jones (1), 
who found that it did not contract the isolated guinea 
pig ileum and that it did not lower blood pressure in 
cats. In the anesthetized dog we have found compound 
XXIV to be about 1/700th as potent as histamine in 
depressing blood pressure. 

Compound XXIV stimulates acid secretion in dogs 
with pouches of the entire stomach when the hydro- 
chloride is administered subcutaneously, intramuseu- 
larly, intravenously, or orally. By the subeutaneous 
route the ED,, of the hydrochloride (dose required to 
produce 50% of the maximal secretory rate) is 8 
mg/10 min in comparison with 0.12 mg/10 min for 
histamine diphosphate. The maximal secretory rate 
attainable with compound XXIV is the same as with 
histamine. The pepsin concentration of the juice se- 
ereted in response to compound XXIV is not signifi- 
cantly different from that stimulated by histamine. 

The hydrochloride of compound XXIV has been in- 
jected into 20 human subjects by the subcutaneous 
and intramuscular routes in doses of 10-50 mg. In no 
instance have any of the characteristic side effects 
of histamine been observed, including triple response 
at site of injection, headache, or flush. The 50-mg dose 
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produced a greater output of HCl than 0.01 mg/kg 
of histamine diphosphate. Doses of 100 mg produce 
side effects similar to those seen with histamine. 

The existence of this histamine analog with speci- 
ficity for site of action is in keeping with the known 
differences between the action of histamine on the 
gastric glands and its action at other sites. These in- 
clude (a) failure of antihistaminic drugs to counteract 
action of histamine on gastric glands, and (b) in- 
hibition by xanthine alkaloids of actions of histamine 
at other sites but potentiation of the gastric secretory 
action. 

Compound XXIV may prove useful for routine 
clinical testing for achlorhydria, not only because it 
would eliminate the undesirable side reactions that 
follow histamine, but also because it would be possible 
to produce stronger stimulation of acid secretion and 
thus provide more clear-cut results in borderline cases. 
It may also prove useful for the investigation of 
the maximal secretory capacity of the human stomach 
in health and disease. 
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Recovery of Tumor Cells from Effects of the 
Tumor-inducing Principle in Crown Gall 


Armin C. Braun 
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Medical Research, New York 


When the tumor-inducing principle associated with 
the crown-gall bacterium acts on cells of plant species 
such as Helianthus annuus (1) and Vinca rosea (2,3), 
an abrupt and irreversible change in the behavior of 
these cells occurs. Following the transformation proc- 
ess, proliferation of the altered host cells becomes an 
automatic process that is independent of the inciting 
bacteria. The cells of the resulting neoplasm are 
characterized by excessive powers of proliferation and 
limited powers of differentiation. Competence for or- 
ganization appears to have been lost as a result of the 
action of the tumor-inducing principle. Tumor cells of 
this type are transplantable, and when bacteria-free 
fragments are implanted into a healthy host they de- 
velop into typical uncoordinated crown-gall tumors. 

When, on the other hand, this same tumorogenic 
principle acts on cells located close to the top of a 
plant species such as Kalanchoe daigremontiana, the 
altered cells appear at first to be of an undifferenti- 
ated type. As the tumors grow, however, there results, 
in place of the characteristic neoplasm, an overgrowth 
composed not only of uncoordinated tumor cells but of 
cells that are organized into morphologically complex 
structures (4). The question as to whether these struc- 
tures result from the growth of normal cells that have 
been stimulated to develop by the expanding tumor, 
or whether the morphologically abnormal shoots are 
composed of altered cells that have acquired a ca- 
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pacity for differentiation and organization, has been 
a subject for speculation (4-8). It is with this prob- 
lem and its relation to the recovery of tumor cells that 
this paper is concerned. 

Turkish tobacco (Nicotiana tabacum), which re- 
sponded to bacterial inoculation as did Kalanchoe, was 
used as the test object in these investigations. The 
plants were grown in 4- or 6-in. pots. When they 
reached a height of 8-12 in., a single cut was made 
with a sharp-razor through an internode close to the 
top of the plants. Bacterial inoculations of the freshly 
cut stem surfaces were made with the T-37 strain of 
the crown-gall bacterium. The inoculated areas were 
covered for several days with a rubber tape known 
as “Sterilastic” to prevent drying. 

After a suitable incubation period undifferentiated 
tumors developed in the region of the cambium. As 
the tumors expanded, small areas of organized tissue 
that later developd into teratological structures ap- 
peared on their surfaces. Thereafter, the new growth 
developed rapidly into moderate to large complex 
overgrowths of a character similar to those previously 
described as developing on this host (9), on 
Kalanchoe (4), and on certain other plant species 
(7,8). 

Early in the study of the growth patterns of normal 
and tumor cells in vitro it was observed that, although 
bacteria-free sunflower tumor cells grew rapidly and 
in a completely uncoordinated manner on White’s 
medium, normal tissue isolated from the same host 
developed very slowly on this medium (1). 

The growth habits of normal cells, crown-gall 
tumor cells, and cells isolated from the teratological 
structures that developed from the complex over- 
growths on tobacco were studied in vitro. More than 
200 fragments of normal tobacco tissue were isolated 
from newly formed as well as from somewhat older 
axillary and adventitious shoots, from internodes of 
young and mature stems, from the region of petiolar 
attachment as well as from immature tissue just be- 
low the developing tip, and were planted on White’s 
medium. The normal tissue fragments themselves in- 
creased in volume only slightly in a 12-week period. 
Adventitious buds that developed from many of these 
fragments frequently grew into small but otherwise 
normal-appearing plantlets. Bacteria-free tobacco 
tumor cells, on the other hand, grew rapidly and in 
a completely uncoordinated manner on White’s 
medium. This culture medium appeared suitable, 
therefore, for differentiating normal cells from crown- 
gall tumor cells of tobacco. 

Fragments of tissue were removed aseptically from 
morphologically distorted but organized stem tissues 
that developed from the teratomata and were planted 
on the culture medium. The rate of growth of these 
bacteria-free tissue fragments, although somewhat 
slower than that of true tumors, was nevertheless far 
greater than the rate of growth of normal tobacco 
cells. These cells differed from the tobacco tumor cells 
studied in the past, however, in that they possessed a 
well-developed capacity for differentiation and organ- 
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ization. Large areas of the surfaces of the cultures 
were covered with small adventitious buds and leaves 
that showed varying degrees of structural develop. 
ment. Some buds appeared quite normal, whereas 
others were highly distorted. The buds never de- 
veloped appreciably in culture. Roots were not 
formed. Histologically the cellular mass was com- 
posed of a firm core of disorganized hypertrophied 
and hyperplastic parenchymatous cells. Areas of or- 
ganization arose for the most part at the edges of the 
growth. Attempts to isolate fragments from these 
masses that would develop in culture in a completely 
undifferentiated and unorganized manner have thus 
far failed. One clone of this tissue has now been 
maintained in culture for 16 months. Other clones 
isolated from different teratological structures have 
been cultured for shorter periods. The tissues were 
divided at 6- to 8-week intervals and planted on fresh 
*media. In all instances these cells have maintained 
their characteristic properties unaltered. It thus ap- 
pears that the morphologically distorted but organ- 
ized stems that develop from the teratomata are com- 
posed of cells whose metabolism is fundamentally dif- 
ferent from that found in normal tobacco cells isolated 
from comparable but normal stem segments. 

When fragments of these abnormal tissues that had 
been carried in culture for more than 10 months were 
implanted in healthy hosts, they developed into tera- 
tomatous overgrowths that reached a diameter of 
about 1 em in a 6- to 8-week period. In their ability 
to grow profusely on a medium free of added growth 
substances and in their ability to develop independ- 
ently of the growth-restraining influences of the host, 
these cells resemble crown-gall tumor cells of the type 
previously described. These tumor cells differ from 
those isolated and studied in the past in that they 
retain indefinitely in vitro and in situ a well-developed 
capacity for organizing leaves and buds. 

It has been demonstrated (10,11) that certain self- 
duplicating cytoplasmic entities can be eliminated 
from cells under conditions that favor the increased 
multiplication of those cells relative to that of the 
self-duplicating factor. Such entities have been postu- 
lated (12) as being responsible for the continued ab- 
normal proliferation of crown-gall tumor cells. 

Rapid multiplication of plant cells can be effee- 
tively encouraged by forcing the growth of a bud. 
The meristematic cells of an actively growing bud 
divide with far greater frequency than do most crown- 
gall tumor cells. Since it has been demonstrated that 
certain crown-gall tumor cells retain a capacity for 
organizing buds, it seemed possible to test the hy- 
pothesis indicated above. In order to induce a max- 
imum stimulus for regeneration in the host, all nor- 
mally produced axillary buds were removed from 
tobacco plants that had been inoculated at the cut 
stem surface with crown-gall bacteria. This resulted 
in the production of a complex tumor that contained 
adventitious buds composed of tumor cells. When 
these buds produced shoots large enough to be used 
as scions, the shoots were removed and grafted to 
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healthy tobacco plants from which again all normal 
buds had been removed. It should be recalled that 
these shoots were composed of tumor cells and, hence, 
were organized tumors. The new growth that resulted 
from these rapidly growing shoots gradually became 
more and more normal in appearance. The tips of the 
shoots were again removed and grafted to healthy 
plants. They developed rapidly and appeared normal 
in every respect, ultimately flowered, and set seed. 
Fragments of tissue isolated from the normal-appear- 
ing stems derived from tumor tissue buds grew poorly 
in culture, as does healthy tobacco tissue. In these in- 
stances recovery appeared to have been complete. 
It was a gradual process that progressed in the di- 
rection of the normal as affected shoots developed and 
were forced into rapid growth. 

Our findings suggest that the factor which causes 
crown-gall tumor cells to develop abnormally becomes 
diluted in, and is eventually lost from, affected cells 
that are forced to grow and divide with sufficient 
rapidity. Details will be published elsewhere. 
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Structural and Insecticidal Relationships 
in Rotenone, Methoxychlor, and DDT 


R. W. Hummer and E. E. Kenaga 
The Dow Chemical Company, Midland, Michigan 


In the course of investigating the relationship of 
chemical structure to insecticidal activity, molecular 
models of known insecticides were constructed, using 
Fisher-Hirschfelder-Taylor atom models. In this way 
an interesting structural similarity among rotenone, 


— 1. Molecular models of rotenone, methoxychlor, and 
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DDT,' and methoxychlor? was encountered. This 
similarity is not at all obvious without the use of the 
models. 

Fig. 1 shows the molecular models of rotenone, 
methoxychlor, and DDT. The configuration of rote- 
none, (1) shown is cis at the 7-8 bond. The structural 
formulas of these compounds are : 


ocn, a 
nC-CCl, 
a 


Rotenone 


Methoxychlor bor 


La Forge et al. (2) have discussed a series of reac- 
tions of rotenone involving hydrolysis of the 13-14 
bond followed by oxime formation and ring closure 
with a nitrogen between the 11 and the 14 positions. 
Study of the models indicates that this ring closure 
is strongly hindered sterically for the trans position 
and can be effectuated readily only if the configuration 
is cis at the 7-8 bond. Moreover, the ease of dehydro- 
genation of rotenone at the 7-8 bond would also seem 
to indicate that the configuration of the natural prod- 
uct is cis. 

For the three molecules pictured in Fig. 1, the no- 
table points of similarity are the angles of intersection 
of the axes of the benzenoid rings and the comparable 
slopes of the planes of these rings. In rotenone the 
benzenoid rings are essentially fixed with relation to 
each other, because of the interconnecting ring strue- 
tures. In DDT and methoxychlor also, sterie hin- 
drance by the trichloromethyl group restricts the ben- 
zene rings to a relatively fixed position. In general 
one of the rings will be quite fixed, whereas the other 
may oscillate but not perform a complete, free rota- 
tion. The configuration of DDT and methoxychlor 
shown in the figure is, of course, only one phase in the 
oscillatory movements of these molecules. The rota- 
tion-hindering trichloromethyl group forms a “bump” 
on the molecule which coincides with a similar “bump” 
in the rotenone molecule resulting from puckering of 
ring B. 

Further comparison of the molecular models indi- 
cates a close correspondence in intramolecular dis- 
tances in these three substances. For example, the 
distance between the oxygens at positions 2 and 19 
in rotenone is very close to the distance between the 2 
methoxyl oxygens in methoxychlor and between the 
p, p’ chlorines in DDT. The models are made to ap- 
proximate scale, and these distances correspond to 
within 1 A. It is interesting to note that, regardless 
of rotation or oscillation in the DDT-type molecule, 
the distance between atoms in the p, p’ positions re- 
mains constant. The importance of such molecular 


ethane. 
2 1,1,1-Trichloro-2,2-bis(p-methoxyphenyl) ethane. 
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TABLE 1 


INSECTICIDAL TOXICITY OF ROTENONE, 
METHOXYCHLOR, AND DDT 


Minimum 100% Ly 
(Lbs of toxicant/100 gal water) 


Toxicant ‘ Two- 
Bean spotted 
aphid spider 
beetle worm abe 
Rotenone 0.12 3.0 > 3.0 > 3.0 
Methoxychlor 0.25 0.12 > 3.0 > 3.0 
DDT 0.5 0.06 > 3.0 > 3.0 
1,1-Bis(p- 
chloro- 
phenyl) 
ethane 3.0 > 3.0 3.0 2.0 


shape factors in reactions between biologically active 
molecules and proteins such as enzymes has been 
widely emphasized (Pauling [3] and Sexton [4]). 

To give a mechanistic view, it may be visualized 
that rotenone “fits” in a lock-and-key relationship 
with some essential region of the polypeptide chain 
of an enzyme. The toxicant would be held in position 
by short-range forces such as van der Waals, dipole- 
dipole, or hydrogen bonding forces. DDT and meth- 
oxychlor can assume a position in which a number of 
functional groups in these molecules, including cor- 
responding polar and hydrogen bond acceptor groups, 
are superposable on the rotenone structure. This 
seems to provide a logical basis for the insecticidal 
relationship discussed below. In addition to the above- 
mentioned structural features, these three compounds 
fall within a limited range (345-394) of molecular 
weight. The significance of this property has been dis- 
cussed by Kenaga (5). 

A marked parallelism in specificity of insecticidal 
action, as well as in structure, is noted among rote- 
none, methoxychlor, and DDT. This similarity is 
shown by testing the insecticides simultaneously under 
identical test conditions. 

Cranberry bean plants were dipped in the insec- 
ticidal dispersions and then infested with third instar 
larvae of the Mexican bean beetle, Epilachna vari- 
vestis Muls., and third instar larvae of the Southern 
army worm, Prodenia eridania Cram., respectively, 1 
hr after application of the toxicants. Cranberry bean 
plants and nasturtiums previously infested with 
adults of the two-spotted spider mite, Tetranychus 
bimaculatus Harvey, and adults and nymphs of the 
bean aphid, Aphis fabae Scop., respectively, were 
dipped in the dispersions. Insect mortality counts were 
taken 3-6 days after application of the toxicant and 
corrected for natural mortality by the use of Abbott’s 
formula. 

The insecticidal formulations used were wettable 
solid dispersions similar to commercial formulations 
of these insecticides. 

A comparison of the toxicity of rotenone, meth- 
oxychlor, and DDT to 4 representative agricultural 
pests is shown in Table 1. These compounds display 
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a marked similarity in that they are toxic to the same 
species of insects and ineffective against the same 
species. Methoxychlor is intermediate between rote- 
none and DDT in toxicity to Mexican bean beetle and 
Southern army worm, as it is in structural character- 
istics. Under the conditions of these tests, residual 
insecticides are usually the only toxicants that are 
effective against Southern army worm larvae. Rote- 
none is quite easily oxidized and therefore not as re- 
sidual as DDT and methoxychlor. This may offer an 
explanation for the large break in toxicity against the 
Southern army worm. 1,1-Bis(p-chlorophenyl) ethane, 
which lacks the sterically restrictive trichloromethyl 
group contained by DDT and methoxychlor, is in- 
cluded for comparison. It shows a marked change in 
specificity and strikingly less toxicity against South- 
ern army worm and Mexican bean beetle. 

The relationship of structure to insecticidal activity 
may be illustrated by making a comparison of sev- 
‘eral eompounds related to rotenone. Dehydrorotenone 
differs from rotenone by the dehydrogenation of the. 
7-8 bond, thus causing the. molecule to flatten out and 
lose the typical angular relationship between benzene 
rings. Dehydrorotenone has essentially no insecticidal 
activity in comparison with rotenone, according to 
Shepard and Campbell (6). On the other hand, altera- 
tion of the isopropeny! side chain (off ring E) by 
saturation or removal of the groups causes no change 
in this angle. The resulting compounds, dihydrorote- 
none and elliptone, in insecticidal tests by Shepard 
and Campbell (6) and by Martin (7) show compara- 
tively little change in activity from rotenone. 

Since the oxidation (dehydrogenation) at the 7-8 
bond in rotenone takes place with relatively mild 
oxidizing agents, this may explain the loss of activity 
on oxidation in field use. Another property that may 
prevent rotenone from being residual is hydrolysis 
at the 13-14 bond, which opens up ring C and destroys 
the locked ring structure completely. 

All compounds containing 2 benzene rings linked 
through a saturated carbon atom will have nearly the 
same bond angle, and therefore the rings will be on 
the same axes; however, the lack of the trichlo- 
romethyl group in 1,1 bis(p-chlorophenyl) ethane 
allows considerably more freedom in the rotation and 
oscillation of the benzene rings and does not fix 
the rings in restricted planes as it does in DDT and 
methoxychlor. 

Hoskins and Craig (8) and Metcalf (9) have re- 
viewed several theories on the relation of structure 
to the insecticidal activity of DDT. These theories, in 
general, attempt to tie the activity to particular solu- 
bilizing and toxophoric groups. We feel that the 
question should be evaluated from the standpoint of 
the molecule as a whole, taking into consideration 
properties such as molecular weight, solubility, polar 
groups, hydrogen bond acceptors (or donors), and 
molecular shape and dimensions. 
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Results of a Preliminary Survey of Group 
Endings in Zoological Classifications 
above the Category of Genus 


Leonard P. Schultz 
U.S. National Museum, Washingtor, D. C. 


Late in 1948 the author inquired of 27 North Ameri- 
ean ichthyologists in regard to fixing specific endings 
for various categories of classification. Replies were 
favorable. In order to obtain information on a broader 
basis, during the early part of 1949 specialists in the 
fields of carcinology, entomology, herpetology, ichthy- 
ology, invertebrate zoology, malacology, ornithology, 


numerically, entomologists nearly equal the number of 
specialists in all other fields together, it was decided 
to follow the endings as already used by entomologists 
from superfamily down through subtribe, but to fol- 
low ornithologists for the ending of an order 
(-iformes) and for suborder (-oidei) as used by cer- 
tain vertebrate zoologists, both minorities, for the 
purpose of stirring up discussions and inviting eom- 
ments. The results were interesting and valuable. 

The author sent a circular letter to more than 700 
North American systematic zoologists on the mailing 
list of the Society of Systematic Zoology and received 
445 ballots in return. This circular proposed to fix 
the endings of groups above the level of the genus, 
and results were as shown in Table 1. 

The following information was summarized from 
‘comments received on about half of the ballots re- 
turned: “A wonderful idea and attempt to advance 
stability [uniformity] of zoological nomenclature ;” 
“Leave nomenclature alone and get back to the study 
of specimens.” 

Order -iformes: “Too long; not widely used; pref- 
erable not to disturb ordinal and subordinal endings 
in such groups as entomology, mammalogy, and 
herpetology since these are so well known they are 
already fixed by usage; ordinal names should not be 


TABLE 1 
NUMBER OF VOTES CAST CONCERNING Proposed ENDINGS USED IN GROUPS OF CLASSIFICATION 
Sub- Super- Super- : Sub- Unani- Total 
Field Votes _— order family tribe Tribe tribe Type mous ballots 
ormes idei —-oidea -idi -ina = ballots returned* 
Carcinology For 12 17 19 18 19 19 16 11 23 
Against 1l 6 4 5 4 4 7 2 
Entomology For 51 73 155 140 154 127 80 41 
Against 106 84 3 13 4 15 68 2 
Herpetology For 24 24 29 26 27 26 19 17 
Against 5 6 _ 2 1 2 8 _ 
Ichthyology For 37 39 39 38 39 38 38 32 
Against 3 2 1 1 1 1 1 —_ 
Invertebrate For 30 31 36 38 38 37 30 25 
zoology Against 12 17 12 9 9 10 12 7 
Malacology For 10 11 16 13 13 13 10 7 
Against 7 6 1 3 3 3 7 _ 
Ornithology For 25 21 25 21 22 21 15 13 
Against _ 4 _ 2 1 2 9 -_ 
Mammalogy For 18 28 35 29 30 32 26 16 
Against 18 6 -- 5 4 2 9 _ 
Paleontology For 10 10 20 19 17 14 12 7 
Against 17 17 7 8 10 13 15 5 
Parasitology For 29 33 34 31 33 31 29 24 
Against 6 2 1 3 2 3 5 _ 
Totals For 246 287 408 373 392 358 275 193 
Against 185 150 29 51 39 55 141 16 
Grand total 431 437 437 424 431 413 416 209 
Percentage For 57.1 65.7 93.3 88.0 91.0 86.7 66.1 
Against 42.9 34.3 6.7 12.0 9.0 13.3 33.9 


* Some ballots did not have votes on every item. 


mammalogy, paleontology, and parasitology were 
consulted. Entomologists and ornithologists have, to 
acertain extent, already adopted endings for various 
groups of classification. After discussions with about 
20 specialists in the various fields, and knowing that, 
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changed except for reasons of concept; let each group 
of specialists for each class of animals decide for 
itself what ending should be used.” Suborder: Little 
or no comment. Superfamily: Little or no comment. 
Supertribe, tribe, subtribe: These categories are used 


| 
e 
| 
yl 
| 
| 
h- 
ne 
he 
nd 
ne 
lal 
to 
“a- 
by 
ge 
te- 
rd 
ra- 
ild 
ity 
ay 
rsis 
oys 
ced 
the 
on 
ane 
and 
fix 
and 
re- 
pure 
in 
olu- 
the | 
t of 
tion — $$ 
olar 
and 
655 


in the most complicated groups of species, mostly in 
insects, fishes, and crustacea. Some individuals voted 
against these categories because they did not use or 
need them in their own specialty. A sizable majority 
wants the endings for these categories fixed for all 
time. The late Mary Rathbun in crustaceans was the 
only one mentioned as using these groups above the 
family level. 

The following is a summary of nomenclatorial com- 
ments on group endings: (1) “Against retroactive 
action, basic idea stability, not uniformity; (2) -idi 
and -ini too much like -idae and -inae in sound when 
pronounced; (3) -ina and -ini conflict when same end- 
ing occurs for a genus; (4) endings of higher cate- 
gories should be selected grammatically.” (5) Unani- 
mous against in Table 1, 16 ballots, indicates disap- 
proval of any change and a misunderstanding of the 
type-genus concept. Several of the unanimous against 
ballots came from individuals who had worked in a 
narrow specialty for a long time. (6) Unanimous for 
in Table 1, 193 ballots, indicates a willingness to go 
along with any change that will stabilize nomencla- 
ture, and they think that the type-genus concept can 
be worked out with a great contribution toward uni- 
formity, including superfamily, but not above that 
category. (7) “Advantageous to have characteristic 
fixed endings for each category of classification of 
animals, and stabilize names all the way down from 
Kingdom.” (8) “Let law of priority fix all cases; dis- 
eard all official lists.” (9) “Premature action, lack of 
polling zoologists, and lack of effective conservanda 
system have invalidated whole present code of zoo- 
logical nomenclature; new rules are a bar to prog- 
ress.” 

Somewhat as an afterthought the idea of a type 
genus was added to the circular letter. The presenta- 
tion was too short and not clearly stated; it was 
therefore misunderstood by a sizable percentage of 
systematists, who did not distinguish the type-genus 
concept from the entirely separate concept of uni- 
formity of group endings. In spite of the obvious con- 
fusion, 66.1% would fix a type genus through the 
superfamily. The following is a summary of com- 
ments in regard to the type genus concept: (1) 
“Establishment of type genus for superfamily or any 
eategory below superfamily constitutes establishment 
of type genus for all lower categories to which it be- 
longs zoologically.” (2) Each type genus serving as 
the stem for group names should be selected on basis 
of: (a) family of world-wide distribution; (b) known 
in all lands, common, important, famous; (c) typical 
of the order or group; (d) recent, if possible, then 
fossil; (e) priority alone not to be considered except 
in case of controversy; (f) committee of 11 specialists 
should represent each class and be international in 
scope, not more than two members from each coun- 
try, and subcommittees set up for orders or families 
if desirable; (g) type genus must not be based on a 
homonym. (3) Should follow law of priority. (4) 
Group names should be based on older names instead 
of selecting new ones. (5) For each class print a 


656 


tentative list and distribute to all working systematists 
in each class; five years later reprint with all corree- 
tions, after which date this becomes the official list 
and fixes all group names. (6) Use synonyms of a 
valid genus for family names if already in wide use; 
(7) Fixing of the genotype has cleared up most 
genera, and it would do so for families and tribes, 
(8) Genotype for type genus should be (a) illus- 
trated, based on oldest included genus, following con- 
cept of first revision; (b) all decisions to be based on 
already established nomenclatorial rules. 

The results of this survey were presented at the 
June 1950 scientific meeting (AAAS, Western Di- 
vision) in Salt Lake City, and several zoologists urged 
that an extensive international survey should be un- 
dertaken on a basis of revised endings, which are 
herein outlined. The author, on February 21, 1950, 
presented the results of the survey to the Nomenela- 
torial Discussion Group in Washington, D. C., and 
a committee was appointed with the author as chair- 
man for the purpose of investigating the matter 
further. The following representatives of the major 
fields listed above acted on the committee: F. A. 
Chace, B. G. Chitwood, G. A. Cooper, H. M. Fried- 
man, E. R. Hall, D. H. Johnson, E. A. Lachner, R. C. 
Moore, H. A. Rehder, E. G. Reinhard, C. W. Sabro- 
sky, H. B. Stenzel, and W. Stickle. 

Various endings for categories above genus have 
been proposed and considered by the above-listed com- 
mittee and again by about 40 systematic zoologists at 
Salt Lake City in June 1950 (Table 2). 


TABLE 2 
2 
¢ 8&8 
ago fa 
super -ida -ida -iea 
Order main -ida-ida -ida -iformes-ida } neuter 
sub -ina-ina -ina -oidei -ina 
super -oidea -oidae -oidea_ -icae \ femi 
Family { main -idae -idae -idae -idae nine 
sub -inae -inae -inae  -inae | 
super -idi -ici 
Tribe main -idi ‘imi -idi 
sub -ini -ina -ini 


The most logical system of endings was proposed 
by H. B. Stenzel (Science, 112, 94 [1950]). Stenzel’s 
plan of endings is logical and aids memory by having 
two letters of each ending repeated in each compara- 
ble group: super-, main-, and sub-. A further memory 
aid is the suggested use of the neuter, -a, for endings 
of superorder, order, and suborder; feminine, -ae, for 
superfamily, family, and subfamily; and masculine, 
-i, for endings of supertribe, tribe, and subtribe. 
These endings are short and conform closely to the 
endings for family and subfamily already adopted in 
zoological nomenclature. Ichthyologists at the meeting 
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of the American Society of Ichthyologists and Herpe- 
tologists on June 22, 1950, at Salt Lake City voted 
unanimously to follow the Stenzel system of endings 
as proposed. 

Since there was a very definite opinion not to alter 
endings for orders and suborders in certain fields, but 
opinion was very strong for fixing uniform endings 
for superfamily on down through the subtribe, it was 
recommended by the committee that a new ballot be 
sent out on a new survey somewhat as follows: 

A proposed form of ballot that might be used is 
herewith presented for comments: 


Terminations for superorder, order, and suborder. 


(Vote for only one of choices a, b, or c) 

a) I favor adoption of terminations -iformes 

(order) and -oidet (suborder) . a 
b) I favor adoption of -ica (superorder), -ida 
(order), and -ina (suborder) .......... 
c) I prefer to continue use of terminations for 
order and suborder, which are established in my 
field, and consequently favor rejection of any 
scheme of uniform terminations for superorder, 
order, and suborder, applicable to all animals 
I reject a, b, and c, but suggest the following 
terminations or offer the caciiakcird comments: 


d 


Terminations for superfamily. 


(Vote for only one of choices e, f, g, and h) 
e) I favor adoption of -oidea (superfamily) ........ Dj 
f) I favor adoption of -icae (superfamily) . - 
g) I favor rejection of any scheme of uniform ter- 
mination for superfamily .. oO 
h) I favor rejection of both -oidea and -icae, but 
suggest the following termination for super- 
or offer the comments: 


Terminations for supertribe, tribe, and subtribe. 


(Vote for only one of choices i, j, k, and 1) 

i) I favor adoption of -idi (supertribe), -ini (tribe) 
and -ini (subtribe) . 

j) I favor adoption of ici (supertribe), -idi (tribe) 

k) I favor rejection of any scheme of uniform ter- 
minations for supertribe, tribe, and subtribe ... [Fj 

1) I reject i, j, and k, but suggest following termi- 
nations or offer comments: ......... ¥ 


Before further plans are formulated for an ex- 
tensive international survey in regard to fixation of 
endings of various categories of classification, the 
author weleomes comments. Should sufficient interest 
develop in this matter among systematic zoologists 
and applied or economic zoologists, an attempt will 
be made to survey the field. 

Finally, the author expresses his thanks to all of 
those who aided in the preliminary survey, especially 
for the numerous constructive comments. 
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The Fungicidal and Nematicidal 
Properties of Dibromobutene 


W. A. Kreutzer, C. W. McBeth, Mason Turner, 
Glenn B. Bergeson, and Richard R. Whetstone 


Shell Agricultural Laboratory, Modesto, 
and Shell Development Company, Emeryville, California 


The importance of the C, and C, unsaturated 
halides as soil fumigants has been amply illustrated by 
reports in the literature of the nematicidal properties 
of dichloropropene-dichloropropane mixture (1) and 
dichlorobutene (2), and the fungicidal as well as 
nematicidal effects of allyl bromide (3) and chloro- 
bromopropene (4). All these materials are liquids 
possessing relatively high vapor pressures. Conse- 
quently their use is confined to application by sub- 
surface injection, since it is difficult to obtain a bio- 
cidal concentration of vapor by surface application. 
When injected, they are generally effective only be- 
low the surface 2-in. zone if but one injection is made. 
It is possible to disinfest the surface zone only by 
turning the surface soil under after one injection and 
applying a second. 

Since a double injection procedure, although effec- 
tive, is time-consuming and increases the expense of 
fumigation, a search was made for volatile materials 
that could be applied directly to soil surfaces and that 
were capable of destroying fungi and nematodes in 
the upper 2-in. zone. Such a material should have a 
relatively low vapor pressure (when compared with 
the liquid fumigants) and for ease in distribution 
should preferably, although not necessarily, be a solid. 
Since organisms such as Rhizoctonia solani, Phyto- 
phthora spp., Pythium spp., and to some extent 
Sclerotinia spp. and Sclerotium rolfsii, character- 
istically attack in the upper 2-in. zone, the need for a 
soil surface disinfestant is apparent. 

It is the purpose of this paper to report the finding 
of a material that appears to have considerable prom- 
ise as a surface-zone fungicidal and nematicidal fumi- 
gant. This chemical is trans-1,4-dibromobutene-2. It is 
a white crystalline solid (bp, approximately 205° C; 
mp, 54° C). 

For early experimental tests dibromobutene was 
formulated either as a dust at 10%w and 20%w in tale 
for tests in soil, or used directly in )aboratory trials 
by dissolving the chemical in isooctane, acetone, or 
similar diluents. In preliminary screening trials, in 
closed glass containers, the fumigant was lethal to 
conidia and mycelium of Fusarium solani pisi and 
Verticillium albo-atrum at .002 g/1 of space following 
an exposure of 24 hr at 21° C. 

Because of the number of tests conducted in soil, 
and their varied nature, a summary is presented in 
which the fungicidal and nematicidal dosage levels are 
indicated (Table 1). No soil seals of any type were 
employed in these tests. In trials using crocks, soil 
was mixed with the formulated chemical in a rotating 
drum. For field or greenhouse soil-surface treatments, 


657 


it 
a 
t 
4 
| 
l- 
; | 
4 
n- 
0, O | 
ad 
ir- 
er 
or 
A. 
d- 
ive 
m- 
er 
i- 
zel’'s 
ving | 
ara- 
nory 
ings 
, for | 
line, 
ribe. 
the 
od in 
eting 


TABLE 1 


SUMMARY OF FUNGICIDAL AND NEMATICIDAL DosaGE LEVEL RANGES FoR trans-1,4-DIBROMOBUTENE-2* 
IN FRESNO SANDY LOAM SoIL (MOISTURE EQUIVALENT 8.0—10.0%) 


Dosage level ranges of dibromobutene within which complete 


or nearly complete fungicidal or nematicidal 
control effects were obtained 


Gallon 


Greenhouse benches 


Pathogen Control criterion erocks and ground beds Field plots 
Surface Complete Surface 
(g/gal treatment _ soil mix treatment depth 
of soil) (g/sqft)  (g/cu ft) (ibs/ac) (Ibs/ae) 
Meloidogyne sp. Root knot on tomatoes .05-0.27 > 2.0 1,0-2.07 > 200 > 200 
Heterodera schactii Infestation of sugar- 
beet roots 0.2 —0.47 2.0-3.0 
Sclerotium rolfsii Viability of sclerotia .07-0.27 1.0-2.07 2.0-4.07 100-2007 150-200+ 
Pythium ultimum Damping-off of seedlings 0.5-2.07 0.5-2.07 50-100 50-100 
Rhizoctonia solani Basal stem rot of beans 0.5-1.0t — ~- _ 
Fusarium-Pythium Seedling rot and blight ete 


complex of peas 


* Applied as a 10-20% w dust in tale. Dosage levels are given in g or lbs of active ingredient. 


+ Complete control or complete fungicidal and nematicidal effect in range. 
t > indicates inadequate to no control at highest dosage used. 


the chemical was spread with a garden rake, and for 
deeper applications in the field an Ariens-Tiller was 
employed. 

In some instances fungicidal effects were deter- 
mined by plating out exposed fungal spores and 
mycelium, but in the majority of cases control effects 
were measured by freedom of disease shown by host 
test plants. Table 1, therefore, summarizes briefly the 
results of numerous trials to determine the effective- 
ness of trans-1,4-dibromobutene-2 as a soil fumigant. 

In tests on Heterodera schactii, Meloidogyne sp., 
Pythium ultimum, Rhizoctonia solani, and Fusarium- 
Pythium complex, naturally infested field soil was 
employed. Only in the case of Sclerotium rolfsii was 
the test organism introduced into the soil to be 
fumigated. 

Failure to control the root knot nematode in field 
tests is felt to be due to inadequate means of mixing 
the dust to an effective depth in the soil. This ap- 
pears to be essential, since the diffusion pattern of 
trans-1,4-dibromobutene-2 in the soil is indicated to 
be small (2-3 in. radius). 

In addition to good disease-control effects when 
mixed in the soil as a formulated dust in the absence 
of a seal, it was noted that at fungicidal levels the 
chemical was not particularly toxic to crop seeds pro- 
vided water was withheld for 24 hr following treat- 
ment and planting. In the case of peas and sugar beets 
this tolerance was outstanding. Excellent stands were 
obtained at control dosage levels (Rhizoctonia and 
Pythium) when seeds were planted at the same time 
the chemical was applied. 

Results to date indicate, therefore, that trans-1,4- 
dibromobutene-2 may be useful as a solid fungicidal 
and nematicidal soil fumigant. Since mammalian tox- 
icity tests with trans-1,4-dibromobutene-2 have not 
been completed, final appraisal of the toxicity of the 
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compound cannot be made. However, present data 
indicate that the material possesses a high degree of 
mammalian toxicity by inhalation, ingestion, or skin 
contact. Fortunately, the material is a lachrymator 
and therefore produces definite warning symptoms. 
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The Equilibrium between Vitamin B,, 
(Cyanocobalamin) and Cyanide Ion 


John B. Conn, Sara L. Norman, 
and Thomas G. Wartman 


Research Laboratories, Merck & Co., Inc., 
Rabway, New Jersey 


Beaven (i) has reported recently the reversible 
formation of a purple complex of vitamin B,, (e¢yano- 
cobalamin) with cyanide ion. We also have observed 
this reaction, and have studied the equilibrium polaro- 
graphically. Cyanide ion gives a very well-defined 
diffusion current at the dropping mercury anode in 
alkaline solutions (2) and thus provides an elegant 
means for measuring the binding of cyanide by vita- 
min B,,. No free cyanide ion could be detected in 
solutions of pure cyanocobalamin, and additions of 
eyanide resulted in further binding to form com- 
plexes containing 1 or 2 moles of cyanide in addi- 
tion to the cyano-group already present in cyano- 
cobalamin. 

The procedure was as follows. A standard 0.1 M 
solution of sodium cyanide in 0.1 M lithium borate 
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buffer, pH 10.99, which was prepared daily from the 
calculated amount of solid NaCN (purity determined 
by argentimetric titration), was added in portions 
from a 0.1-ml Gilmont microburette to an air-free 
solution of the buffer contained in the polarograph 
cell at 25°. The polarograph (Leeds & Northrup Elee- 
tro-Chemograph, Type E) was set at -—0.15 v (vs. 
SCE), and the galvanometer deflection was recorded 
for each addition. The measurement was then repeated 
with a similar solution made up to contain also 0.438 
mM/1 of vitamin B,, (a twice-recrystallized sample, 
purity better than 99%, dry basis) the molecular 
weight being assumed to be 1,350. A graph of cyanide 
ion concentration, corrected for hydrolysis, versus dif- 
fusion current was prepared, and from this the 
amount of cyanide ion in equilibrium with vitamin 
B,, and the complex at each level was computed. The 
results are given in Fig. 1 and Table 1. 


TABLE 1 


BINDING OF CYANIDE ION BY VITAMIN B,, 
(All Concentrations in mM/1) 


Cyanide Free 
Vitamin Bs added cyanide 
0.438 0.110 0.041 
438 .219 .090 
437 .328 
436 436 -199 
436 545 .269 
435 .653 345 
434 .762 428 
433 .869 515 
0.433 0.976 0.598 
June 8, 1951 
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It was observed that the reaction between vitamin 
B,, and cyanide proceeds at a measurable rate at 
25°, 10-15 min being required to establish a steady 
diffusion current after each addition of cyanide. No 
such lag was noticed when vitamin B,, was absent. 

The equilibrium being assumed to be of the type 

R4nCN- <2 R(CN),*, 

the reaction is described by the equation 

(a-2z)(b-nz)» 
where a represents concentration of vitamin B,,, b 
represents cyanide added, and b — nz free cyanide. In 
earlier experiments with samples of vitamin B,, less 
pure than that at present employed, a satisfactory 
constant appeared to be obtained for n=2, but this 
work indicates that the reaction proceeds in two over- 
lapping stages, wherein first one and finally two 
cyanide ions are bound. Graphs of the function 

1 x 1 
log (b-nz) = log Ky 

for n=1 and n=2 are shown in Fig. 2. The curve 
for n=1 departs from linearity at higher concentra- 
tions of cyanide, whereas the reverse is true for the 
curve of n=2. The limiting values of K, and K, are 
estimated to be about 5.4 and 1.2, respectively. 
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Comments and Communications 


Theory of Tastes and Odors 


WE weERzE interested in the article on “A Theory of 
Odors” by G. B. Kistiakowsky (Science, 112, 154 
[1950]) because we have been independently ap- 
proaching the same problem from an experimental di- 
rection. Our results are not sufficiently advanced to 
enable us to draw final conclusions regarding the 
mechanisms of taste and smell, but the results we 
have so far obtained suggest that the primary mecha- 
nism of both these senses might be that of interference 
with one or more enzymes by the substances possess- 
ing the properties of odor or taste. 

It has been shown by one of us (Bourne, Nature, 
161, 445 [1948]) that, by Gorori’s histochemical 
method, alkaline phosphatase was present in a rela- 
tively high concentration in, or in the epithelium 
overlying, the taste buds in various mammals. In 


Fic. 1. Alkaline phosphatase reaction in the papilla foliata 
of the rabbit. The epithelium overlying the taste buds and at 
the bases of the papillae is seen to be heavily impregnated, 
indicating a high concentration of the enzyme in this region. 
Elsewhere there appears to be little phosphatase. (x 120.) 


Fic, 2, Alkaline phosphatase reaction in the papilla foliata 
of the rabbit after adding 0.05% of vanillin to the substrate. 
Some reaction is still present in the epithelium, but it is 
greatly reduced. (x 120.) 
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addition, the olfactory mucosa was also found to con- 
tain an appreciable concentration of this enzyme. 

Working on the assumption that part of the mecha- 
nism of tasting may be associated with the inhibition 
of this enzyme by various substances with taste prop- 
erties, studies had been made on the effects of such 
substances on the Gomori phosphatase reaction in the 
papilla foliata of the rabbit’s tongue. We have found 
that vanillin strongly inhibited the gustatory phos- 
phatase reaction (Fig. 1). In the rabbit this reaction 
is in the epithelium overlying the taste buds, and it 
was found that a concentration of 0.05% of vanillin 
in the substrate produced quite a strong inhibition of 
the reaction, and at a concentration of 0.5% the re- 
action was completely abolished (Fig. 2). Histochem- 
ical demonstration of alkaline phosphatase was also 
inhibited to varying degrees in kidney, gut, and bone, 
and in nasal mucosa by vanillin. 

The substrate used for demonstrating this gustatory 
phosphatase (or phosphatases) was sodium f-glycero- 
phosphate, but the following substrates have also 
given positive results: hexose diphosphate, muscle 
adenylic acid, yeast adenylice acid, and adenosine tri- 
phosphate. 

The inhibiting effects of vanillin and other sub- 
stances on the ability of the gustatory phosphatase(s) 
to split these other substrates have not yet been in- 
vestigated. 

Obvious inhibition of gustatory phosphatase has 
also been found with infusions of tea and with ecapsi- 
cum, but sugar, sodium chloride, and quinine have 
no effect. Infusions of coffee, oil of aniseed, and oil of 
peppermint have a slight effect. 

In addition to the phosphatase(s), we have also 
shown histochemically that a simple esterase is pres- 
ent in fairly high concentration in the taste buds and 
to a much smaller extent in the epithelium of this 
region of the tongue. There was a fairly high concen- 
tration of this esterase also in the neighboring acces- 
sory salivary tissue. The enzyme was demonstrated by 
Gomori’s modification of the Nachlas-Seligman 
method (J. Natl. Cancer Inst., 9, 415 [1949]), which 
is as yet unpublished. 

The histochemical reaction for this esterase is in- 
hibited strongly by quinine but not by sugar or 
sodium chloride. We have not as yet established 
whether these inhibitions are true interference with 
enzyme activity or whether they represent some inter- 
ference with the histochemical reaction. However, the 
points we should like to emphasize are: 

1) We have found in the papilla foliata of the rabbit 
2 enzymes (or groups of enzymes) of the 4 groups postu- 
lated by Kistiakowsky as being required to explain the 
mechanism of smell (and presumably also of taste). 

2) We have found so far that the histochemical reac- 
tions of these enzymes (or groups of enzymes) are inhib- 


ited by some substances that have a well-defined taste 
and are not inhibited by others. 
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We had not intended to publish this work until we 
had accumulated many more data, but the remarkable 
coincidence between the experimental results we are 
obtaining and the theory propounded by Kistiakow- 
sky influenced us to make this preliminary report. 
AspeL Fatran 
Grorrrey H. Bourne 
Department of Histology 
London Hospital Medical College 


Cartesian Diver Balance 


RecentLyY Smith and Post (1) published a paper 
entitled “Improved Technique for Weighing Tissues 
with the Cartesian Diver.” The authors employed the 
formula of Zeuthen (2, 3) 


RW,=RWet (1) 


in such a way that they inserted in it the directly read 
equilibrium pressures (p, and p,;) of the diver when 
loaded with an unknown weight and a known stand- 
ard. However, in (3) it is stated: “By this procedure 
the pressure at which the balance neither sinks nor 
rises in water (the equilibrium pressure, or e.p) may 
be measured. The change in equilibrium pressure (p,) 
resulting from the loading of the balance with some 
biological object (RW,) is compared with the change 
ine.p. (Ps¢) resulting from the loading of the balance 
with a known RW (RW,,).” It seems impossible that 
“change” could mean anything but the difference in 
equilibrium pressure between an empty and a loaded 
balance. Because of this misunderstanding Smith and 
Post find that the formula (1) gives meaningless re- 
sults under certain conditions. If the formula is used 
correctly, the caleulations lead to values in good 
agreement with those obtained by Smith and Post 
(cf. Table 1). We cannot, of course, explain the rela- 
tively large deviations between actual RW and RW 
measured on their diver balance. For better results (in 
the ug-range), see (4). 

Smith and Post introduce two new formulas con- 
cerning which we wish to make a few comments. 
First, a simple calculation shows that they are identi- 
cal. In spite of this, Smith and Post arrive at differ- 
ent results when using them. Second, they are not new. 
Lgvtrup (4) has published the same formula in a 
different form. It reads: 


APs 
BW, =5 Bios thee (2) 

The e.p. of the empty diver is pp, so that pp +p, is 
equal to the manometer reading when RW, is weighed. 
In Smith and Post’s terminology formula (2) reads: 
Ve (3) 

which is identical with their formula (6). The diver 
constant (Z) is equal to the reduced weight of the 
diver balance proper and therefore equal to the gas 
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volume of the empty diver when the density of the 
flotation medium is 1. Thus (Z) is identical with V, 
in Smith and Post’s paper. 

At the time of publication of (2,3) it was still 
doubtful whether the reduced weight of the diver 
proper remained absolutely constant. In all cases the 
empty diver was found to change its e.p. gradually. 
This could—with a constant RW of the empty sub- 
merged diver—be due to loss of gas by diffusion out 
of the diver. It could also, however, be due to change 
in RW of the submerged diver proper, caused by un- 
known factors. Later experimental work (4) has sup- 
plied evidence that Z is in fact a constant, thus mak- 
ing the former possibility the more likely one. This 
forms the basis for the routine use of the convenient 
diver constant. 

When the modified formula was introduced, it was 
expressly stated that formula (1) does not lead to 
wrong results, but the new formula (2) makes it 
possible to simplify both the weighing procedure and 
the calculations. The constant Z is found by loading 
the diver with a known standard, and standardization 
is carried out only occasionally; previously this was 
done between each short series of measurements of the 
biological samples. 

Concerning the conditions of the experiments, 
Smith and Post violate a number of rules that we 
consider imperative, and that are published in (3). 
For example, air bubbles on the outside of the diver 
should never be tolerated. They can easily be avoided 
if the basic physical principles for the solubility of 
gases in water are considered. The diver should never 
be used at pressures very different from 1 atm to 
avoid air bubbles on the outside of the diver, espe- 
cially at very low pressures. Neither standards nor 


Fie. 1. 
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tissues should be shaken off the balance. They ‘should 
be gently removed (we use the Holter braking 
pipettes), because currents in the flotation medium 
should be minimized. 

It would be unfortunate if this discussion should 
leave the impression that the Cartesian diver balance 
is exceedingly unreliable to handle and to work with. 
For the benefit of the few who have trouble with 
giant diver balances and of the many who have never 
heard of such instruments, we shall conclude by dis- 
cussing a simple experiment (Fig. 1). We took a 
Carlsberg beer bottle and made it float bottom up- 
ward in a glass cylinder. The volume of air in the 
bottle in the floating position was 214 ml. Air bubbles 
on the outside of the bottle were avoided. The glass 
cylinder was tightly closed with a rubber stopper into 
which tubing leading to a water manometer was in- 
serted. The pressure in the system was regulated 
through the side arm of a T-tube. The equilibrium 
pressure of the “diver” was read while empty, while 
loaded with 1 g, empty, loaded with 2 g, ete., as ex- 
plained in (3) although misquoted in (1). With a 
10-g laboratory weight as a standard (RW arbi- 
trarily put=1) and using formula (1), we found the 
relative RW’s of a 5-g, a 2-g, and a 1-g weight to be 
0.508, 0.198, and 0.100, respectively. This experiment 
was carried out in the erudest possible way. It is 
hoped that the relatively good results will appear en- 
couraging. A 0.2-ml bottle will weigh RW’s in the 
mg-range just as easily. 


TABLE 1* 
Change in 
> (mg) 
reading caleulated 
after 
(em Brodie) 
3 
Smith 
and Zeuthen 
Pet = Px Post 
6.3 17.2 26.3 74.2 18.7 18.6 
8.6 4.8 35.0 20.6 5.0 5.0 
8.6 4.8 36.3 20.8 4.8 4.8 
0.381 0.89 77.1 167.9 0.90 0.91 
0.381 0.0286 76.1 6.8 0.032 0.031 
0.381 0.89 77.8 163.0 0.87 0.88 


*In this table p,, and p, correspond to the numerical 
change in equilibrium pressure due to loading the balance. 
In the last example, second group, of Smith and Post (1), 
the “actual” RW is off by a power of 10. This has been cor- 
rected in our table. 


Smith and Post conclude their paper by expressing 
the opinion that probably “the simplified method de- 
scribed can be applied to weighing tissues much 
smaller than embryonic hearts.” Since no information 
is given about their method, the shape of their bal- 
ances, or other details, it is of course difficult to de- 
cide whether they will ever reach this goal by their 
method. Smith and Post are working in the mg-range, 
but we have repeatedly shown that weighing of much 
smaller quantities is possible (3-6). The sensitivity 
of the diver balance described in (3) is +0.02 ng. 
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This means that 1 »g RW—the order of RW of large 
amebae—can be weighed with a high percentage of 
accuracy. 

Soren Lovrrvup 
Department of Cytochemistry 
Carisberg Laboratory 

ZEUTHEN 
Zoophysiological Laboratory 
Copenhagen University 
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Isolation of Histoplasma capsulatum and 
Allescheria Boydii from Soil 


SKIN-TESTING surveys in Williamson County, Ten- 
nessee, have shown that more than 70% of the indi- 
viduals tested with histoplasmin give a positive reae- 
tion to that antigen (1). This knowledge prompted the 
writers to initiate a search for Histoplasma capsu- 
latum in the environment of that rural county. 

The fungus has been sought in soil by utilizing the 
following procedure: A heaping teaspoonful of a soil 
sample is mixed with 30 ml of physiological saline 
in a 25x 150 mm test tube. After standing for 1 hr, 
5 ml of the supernatant is pipetted off and added to 
an equal volume of 5% gastric mucin. One-ml aliquots 
of this mixture are then injected intraperitoneally into 
each of 4 mice. The mice are sacrificed after 2 weeks, 
and duplicate tubes of a neutral dextrose-peptone 
agar are inoculated with portions of each of their 
livers and spleens. It has been found necessary to give 
the mice daily injections of a mixture of 1,000 units 
of streptomycin and 12,500 units of penicillin during 
the first week, to prevent death by bacteria. This pro- 
cedure is a modification of one successfully developed 
by Emmons (2) in the isolation of H. capsulatum 
from soil collected in Virginia. The use of gastric 
mucin, suggested by the work of Strauss and Kligman 
(3), and treatment of the mice with antibiotics are 
the principal changes. 

To date, 101 soil samples, collected from 24 farms 
in Williamson County, have been examined. Soil 
sample 22C, collected on July 18, 1950, yielded a 
heavily sporulating strain of H. capsulatum, which 
was recovered from 3 of 4 mice. This represents the 
first isolation of H. capsulatum from any source in 
Williamson County, despite the apparent heavy prev- 
alence of human infection. 

In addition, from soil samples 8E and 23, col- 
lected on July 6, 1950, and July 18, 1950, respectively, 
two strains of Allescheria Boydii have been isolated 
repeatedly. This fungus is one of the etiologic agents 
of human mycetomas and, more rarely, of systemic in- 
fections. These soil isolations represent its first re- 
covery from an extrahuman source. 
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Details of these isolations and further studies will 
be published elsewhere. 
L. AJELLO 
Communicable Disease Center 
Public Health Center, Federal Security Agency 
Atlanta, Georgia 
L. D. 
Tennessee Department of Public Health 
Nashville 
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Why Do Insects Have Six Legs? 


Wirn few exceptions, adults of the several million 
species of insects reputed to be in existence have three 
pairs of legs. This implies that this particular number 
of legs has some very general adaptive significance, or, 
to put it another way, in the vast majority of insects 
any deterioration in the genetic complex responsible 
for the production of three pairs of lags is promptly 
and effectively selected against. 

Why three pairs of legs, and not twot Evidence 
from comparative morphology of the arthropods sup- 
ports the concept that insects were derived from 
many-legged ancestors, perhaps centipedelike in ap- 
pearance. Presumably the hexapod condition arose 
by gradual reduction of the number of legs. The re- 
duction went no farther than three pairs, because 
locomotion on two pairs of legs is not efficient for a 
small animal encased in an exoskeleton. Normally, the 
insect walks by lifting two legs on one side and the 
middle leg on the other, sweeping these forward simul- 
taneously and placing them down together, thus com- 
pleting a single step. The other three legs furnish a 
tripod support while the step is taken. The center of 
gravity shifts out of the base of the tripod near the 


end of each step, and the insect falls onto the three 
legs just placed down. Thus, as the insect walks, it 
falls from one solid tripod support to another. Main- 
taining balance is an important problem in locomo- 
tion, and the smaller the animal, the more difficult 
it is. An illustration of one of the principles involved 
is shown by the ease with which a long stick can be 
balanced vertically on the end of one’s finger, as com- 
pared with the difficulty of balancing a pencil. A con- 
tributing factor to this is that the pencil falls more 
quickly than the long stick. A large mammal has a 
comparatively long time to make the corrections nee- 
essary to maintain balance in the more precarious 
quadrupedal or bipedal locomotion, whereas a small 
insect has much less time, possibly not enough for 
nerve-controlled responses to operate. Another im- 
portant factor in the difficulty of maintaining balance 
is the relative inflexibility of the trunk of the insect. 
Mammals can maintain balance by small, extremely 
varied movements of the trunk, and the even more 
flexible tail is an important balancing organ in many 
mammals. Insects ean walk with one or two legs de- 
stroyed, but locomotion is then a slower and more 
uncertain process. 

There are many aquatic, swimming insects which, 
as adults, cannot walk. The three pairs of legs in- 
variably present in these forms could be explained 
on a similar adaptive basis, by assuming that in the 
terrestrial ancestors of these forms the number of 
walking legs was stabilized at six, and then that dif- 
ferent auxiliary but important functions were as- 
signed to different pairs of legs, such as antennae- 
cleaning, stridulating, elytra-cleaning, etc. Selection 
pressure then would operate to retain all three pairs. 
A similar explanation could be applied to other pri- 
marily nonwalking insects. 

Uriess N. Lannam 
Department of Zoology 
University of Michigan 


Book Reviews 


—- Genetics and Animal Improvement: As 
Uustrated by the Inheritance of Egg Production. 
I. Michael Lerner. New York: Cambridge Univ. 

Press, 1950. 342 pp. $5.50. 

Although the author assumes that the reader has 
only an elementary knowledge of genetics and statis- 
ties, this book is primarily addressed to teachers, in- 
vestigators, and advanced students of animal genetics. 
The treatment is nonmathematical. The biometric 
foundations of the book rest almost wholly on Sewall 
Wright and. Lush and his school. The undercurrent 
of genetic theory is dominated largely by Mather’s 
concept of polygenic inheritance (i.e., that genes 
acting on economic traits such as egg production are 
inherited in the Mendelian manner, but that variation 
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due to them is small in relation to the total). The 
author’s recent researches in the area of population 
genetics of egg production provide the principal 
source of illustrative material. Egg production is 
taken as the model trait to illustrate the principles of 
population genetics. 

The first 4 of the 15 chapters in the book are in- 
troductory in nature. Chapter 2 gives a historical 
survey of the literature on the inheritance of egg 
production. The author points out the fallacy of the 
Mendelian approach which has been used to study 
the inheritance of egg production. He then sets forth 
arguments for the newer, more acceptable “polygenic” 
approach. Chapter 3 is devoted entirely to a biological 
analysis of egg production in the fowl. The 5 physio- 
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logical components of egg production originally sug- 
gested by Goodale are considered separately, and the 
logie of their use in setting up a production index (a 
criterion of selection for egg production and viability) 
is discussed. In Chapter 4 a description of the Uni- 
versity of California flock is given as a case history. 
This is justified since the author’s viewpoints and 
conclusions are largely based on data gathered from 
this flock. 

Not until Chapter 5 does the author get down to 
the principal task—development of the subject of 
population genetics. Six fundamental postulates are 
listed on which applied population genetics is based. 
This chapter is also a brief preview of the material 
covered in subsequent chapters. 

Chapters on heritability, principles of selection, and 
expected genetic gains follow in logical sequence. The 
reader will find Lerner’s treatment of the problem of 
artificial selection for egg production especially in- 
teresting. He alludes to Mather’s genetic balance and 
fitness concept. Under artificial selection genes are 
not in balance. Concomitantly there is a counterforce 
of natural selection for genetic balance most favorable 
to fitness (survival). These forces oppose one another. 

The material covered in Chapter 12 on phenotypic 
and genetic correlations should serve to clear up much 
of the misunderstanding regarding these. Methods of 
estimating genetic correlations are discussed. Their 
use in constructing selection indexes is considered in 
Chapter 13. Considerable detail is devoted to the 
principles of constructing selection indexes. 

Throughout the book the author points up impor- 
tant problems and suggests ways these might be 
solved. He classifies and discusses these problems un- 
der 6 headings in the last chapter. 

A unique feature of organization is an appendix 
including a list of 44 numbered text formulas, to- 
gether with a statement of what the formulas are, 
a glossary of symbols and definitions (8 pp.) and a 
bibliography and author index (17 pp.). 

There is little question but what the book is a 
valuable contribution to the field of poultry breeding. 
The degree of success it will meet as a teaching text 
remains to be seen. Certainly its use would be on a 
graduate level. Yet the teacher would need to supple- 
ment the nonmathematical treatment showing the der- 
ivations of at least the most important formulas. 

The author perhaps lays more stress on the poly- 
genic aspect of population genetics than is justified. 
Certainly the consequences are no different than un- 
der the older multiple-factor concept of quantitative 
inheritance. The numerous cross references to which 
he alludes in this brief work hardly seem necessary, 
and this reviewer found the frequent interruptions 
and digressions from the central thought rather both- 
ersome. 

On the whole this monograph is well written, and 


the author deserves praise for a job well done. His 
important contributions to the population genetics 
of poultry and his bringing to focus many of the as 
yet unsolved problems doubtless will serve to stimulate 
old workers and recruit new ones to the field of popu- 
lation genetics. 

ARNE W. Norpsk0g 
Department of Poultry Husbandry 
Iowa State College 


Learning Theory and Personality Dynamics: Se. 
lected Papers. O. Hobart Mowrer. New York: 
Ronald Press, 1950. 776 pp. $7.50. 

This book contains data and ideas that must interest 
both the narrowly academic psychologist and the stu- 
dent of literature—from the trainer of animals to the 
parent who wants to know whether children should 
be punished or how to stop them from wetting their 
beds. Eight of the 24 papers are published here for 
the first time. 

Persons interested in theory are likely to use this 
book with mixed feelings. Mowrer’s views have not 
been static, and their development is evident in these 
papers. But the method of publishing has forced him 
into an elaborate set of commentaries on his own 
earlier writing. It surely could not have cost much 
more effort to produce a single coherent account of 
his present position, which would have meant a shorter 
book and one more easily read. Anything is unfortu- 
nate that detracts from a serious consideration of the 
material presented here. 

To understand the book one must realize that 
Mowrer aims at a synthesis of psychoanalysis with 
“learning theory,” which is a special brand of aca- 
demic psychology. (He assumes, for example, only the 
primordial motives of hunger, pain, and sex, an as- 
sumption which leads to a completely inadequate ac- 
count of emotion, in the reviewer’s opinion, with dis- 
regard of established experimental fact.) By the time 
he has finished his synthesis, learning theory has be- 
come almost unrecognizable, and the analytically in- 
clined may find the same thing true of his psycho- 
analysis. However, the bridge that Mowrer constructs 
between animal psychology, based on rigorous experi- 
ment, and the very unexperimental study of human 
clinical problems, represents genuine communication 
between the two areas, whether one accepts his theo- 
retical ideas or not. This amalgamation is in itself an 
achievement. 

Anyone who has any interest in psychological prob- 
lems should read the last four or five chapters, inelud- 
ing “The Life and Work of Edgar Allan Poe—A 
Study in Conscience-killing” and “On the Psychology 
of Talking Birds—A Contribution to Language and 
Personality Theory.” 

D. O. Hess 

Department of Psychology, McGill University 
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News and Notes 


Scientists in the News 


Recent visitors at the National Bureau of Stand- 
ards from abroad were Antoine Craya, professor of 
physics at the University of Grenoble; D. M. McKay, 
physicist with Kings College, University of London; 
Frank R. Shroff, professor of oral pathology and bac- 
teriology at the University of Otago, New Zealand; 
Knut Gard, secretary of the Norwegian Dental Asso- 
ciation, Oslo; Neil E. Goldsworthy, director of the In- 
stitute of Dental Research in Sydney, Australia; and 
Takashi Isobe, professor, Faculty of Engineering, 
University of Tokyo. 


Progress in the search for plant sources of corti- 
sone has been reported by Walter Hodge, on leave 
from the University of Massachusetts botany staff to 
assist the federal Bureau of Plant Industry as a plant 
explorer in South Africa. Dr. Hodge has just re- 
turned from the Rhodesias, Nyasaland, and Tangan- 
yika and will next work north of Capetown in Nama- 
qualand. 


Sverre Tore Hoel, of Lunderseter, Norway, and Tore 
Gaute Aas, of Eidsvold, Norway, have arrived in the 
U. 8. to spend a year studying timber production 
methods. Arrangements for the one-year work visit 
to this country were made by the American Forestry 
Association and the Norwegian Embassy with the 
Weyerhaeuser Timber Co., Tacoma, Wash., and the 
Southland Paper Mills, Lufkin, Texas. 


Erik Holmberg, of the Observatory of Lund, Sweden, 
has been invited to work for a year at the Mount 
Wilson and Palomar Observatories. His research will 
primarily concern stellar systems outside the Milky 
Way. 


Leslie E. Howlett, codirector of the Division of 
Physics, National Research Council, Ottawa, was 
Canadian delegate to the Brisbane meeting of the 
Australian and New Zealand Association for the Ad- 
vancement of Science, which has just been held in 
connection with the Jubilee of the founding of the 
Commonwealth of Australia. Dr. Howlett will also 
visit scientific institutions in New Zealand, Australia, 
India, Pakistan, Italy, Denmark, and the United 
Kingdom. 


J. Peter Kass has been appointed director of the 
Research and Development Department of Atlas 
Powder Company, Wilmington, Del., succeeding K. R. 
Brown, who was elected vice president of the company. 


Raphael G. Kazmann, consulting ground water en- 
gineer, of Stuttgart, Ark., has resigned his position 
as chief hydrologic engineer in charge of investiga- 
tion and research with Ranney Method Water Sup- 
Plies to open his own office as consulting ground water 
engineer, 
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Vasili I. Komarewsky, professor of chemical en- 
gineering and director of the catalysis laboratory at 
Illinois Institute of Technology, will lecture this 
month before the Société de Chimie Industrielle, Paris, 
on “Aromatization of Hydrocarbons.” Dr. Komarew- 
sky is an alumnus of Moscow University and has been 
a staff member of the Moscow Academy of Mines and 
the Kaiser Wilhelm Institute of Biochemistry in Ber- 
lin. He came to the United States in 1930. 


Max A. McCall, assistant chief of the Bureau of 
Plant Industry, Soils, and Agricultural Engineering, 
has requested voluntary retirement, having served 36 
years in the federal service. He plans to continue agri- 
cultural activities but without the pressures of official 
responsibility. In 1950, Dr. McCall was awarded the 
USDA’s Distinguished Service Award for “distin- 
guished service to American agriculture through the 
planning and execution of outstanding research pro- 
grams, establishing high standards of research, and 
inspiring a high degree of excellence among agricul- 
tural research scientists.” 


John A. Nagay has joined the staff of the Manpower 
Branch, ONR. Following service in the Air Force, Mr. 
Nagay was connected with the Personnel Research 
Section of the Adjutant’s General’s Office, War De- 
partment, and then with the American Institute for 
Research, University of Pittsburgh. 


Sherman K. Neuschel, chief of the U. 8. Geological 
Survey’s program of mapping the geology of Pacific 
Islands, conveyed the greetings of William E. Wrather, 
director of the Survey, at the 58th annual meeting of 
the Geological Society of Japan at Kyoto. Several 
other Survey geologists stationed at Tokyo also at- 
tended the meetings: Monta Wing, of Beloit, Wis.; 
Allen Nicol, of Los Angeles; Helen Foster, of Adrian, 
Mich.; Arnold C. Mason, of St. Louis; Rachel Barker, 
of Brattleboro, Vt.; Betty Moriwaki, of Chicago; and 
Theodore Sumida, of Sacramento, Calif. The society 
elected as its president Ichiro Hayasaka, for 20 years 
professor of paleontology and head of the geology 
faculty at the University of Formosa, and now pro- 
fessor at the University of Hokkaido. 


Richard Parmenter has been appointed associate 
director of the Operations Research Office, which 
Johns Hopkins University operates for the Depart- 
ment of the Army. Coordinator of research at Cor- 
nell University, Dr. Parmenter has been a consultant 
to the organization for some months. He will devote 
part time to the assignment. Established in 1948, the 
Operations Research Office has headquarters at Fort 
Lesley J. McNair, Washington, and is directed by 
Ellis Johnson. 


E. Claiborne Robins, president of A. H. Robins Co., 
Ine., of Richmond, Va., was elected to the board of 
directors of the American Pharmaceutical Manufac- 
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turers Association during the recent meeting’at Boca 
Raton, Fla. Named also to the board of trustees. of 
the University of Richmond, Mr. Robins is a trustee 
of the projected Richmond Memorial Community Hos- 
pital, and president-elect of the alumni association of 
the Medical College of Virginia. 


J. T. Robinson, chief assistant to the late Robert 
Broom since 1945, will carry on Dr. Broom’s work on 


ancient man at the Transvaal Museum in Pretoria, 
S.A. 


Lloyd V. Sherwood, of Dayton, Ohio, has been ap- 
pointed manager of the agricultural chemicals section 
of Monsanto Chemical Company’s Organic Chemicals 
Division development department. He replaces Robert 
W. Towne, of St. Louis, who has been transferred to 
The Chemstrand Corporation, a jointly owned sub- 
sidiary of Monsan.o and American Viscose Corpora- 
tion. Dr. Sherwood, who has been with Monsanto’s 
Central Research Department at Dayton, will continue 
temporarily to conduct special field work there on a 
soil stabilization program. 


Donald Slaughter, dean of the University of South 
Dakota School of Medicine, has been appointed con- 
sultant to the postgraduate Army Medical Sehool to 
lecture on “The Philosophy of Medical History.” 


Foster Dee Snell, president of Foster D. Snell, Inc., 
is in Europe to attend the Third World Petroleum 
Congress being held at The Hague and to visit his 
firm’s associates and clients in France, England, Italy, 
and The Netherlands. 


Eric G. Snyder has been named vice president of 
Takamine Laboratory, Inc. He joined the organization 
as director of research in 1949. 


Fred L. Soper, director of the Pan American Sani- 
tary Bureau, Regional Office of WHO, has returned 
from Bogoté, where he conferred with public health 
authorities regarding plans for international collab- 
oration in the production of yellow-fever vaccine. With 
Miguel E. Bustamante, secretary general of the Bu- 
reau, he also attended the Fourth World Health As- 
sembly in Geneva. 


Elvin C. Stakman, chief, Division of Plant Path- 
ology and Botany, University of Minnesota, was re- 
cently made a member of the Royal Norwegian Acad- 
emy of Science of the University of Oslo. Dr. Stakman 
was appointed to the group of biological scientists. 


Charles Allen Thomas has been elected president 
of Monsanto Chemical Company, succeeding William 
McNear Rand, who has retired in accordance with pro- 
visions of the employe pension plan. Mr. Rand has 
been president since 1945, and Dr. Thomas has been 
executive vice president since 1947. 


Lester A. Wilson, Jr., of Duke University, has been 
appointed assistant professor of obstetrics and gyne- 
cology at the University of Virginia. 
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Grants and Awards 


Antara Products Division of General Dyestuff Cor. 
poration has established a fellowship for the study 
of the function and effectiveness of the surface activity 
of surfactanis in enhancing the lethal power of herbi- 
cides, at the Agricultural Experiment Station at Rut- 
gers University. 


The Arthritis and Rheumatism Foundation is offer- 
ing research fellowships at both the pre- and _post- 
doctoral levels, ranging from $1,500 to $6,000. Dead- 
line for applications is November 15. Apply to the 
medical director of the foundation, 535 Fifth Ave, 
New York 17. 


The Free Russia Fund, Inc., a nonprofit organiza- 
tion, has been established by the Ford Foundation to 
assist exiles of all Soviet nationalities in their integra- 
tion into U. S. eulture. George F. Kennan is president 
of the fund; Frank Altschul, Philip E. Mosely, John 
E. F. Wood, and R. Gordon Wasson are trustees; and 
George Fischer, of Harvard, is director. Offices are at 
542 Fifth Ave., New York. 


Grant Fellowships (sponsored by the Grant Founda- 
tion, of New York City) in Family Life Education, at 
Cornell, have been given to Blaine M. Porter, of Iowa 
State, and Elmer M. Knowles, of the Merrill-Palmer 
School, Detroit. 


For the academic year 1951-52 the National Re- 
search Council of Canada has granted 215 scholarships 
valued at a total of $192,100. Fourteen special schol- 
arships for work at Oxford and London, Caltech, 
Cambridge, Harvard, Iowa State, Ohio State, and 
Paris were awarded, and seven overseas postdoctorate 
fellowships for work at the British universities of 
Birmingham, Leeds, and Oxford. 


The Psychophysioiogy Branch, Human Resources 
Division, Office of Naval Research, has completed ar. 
rangements to extend the following research projects 
for periods ranging from two to four years, through 
use of longevity funds: “Cutaneous Medication of 
Vibratory Forces,” F. A. Geldard, University of Vir- 
ginia; “Electrical Activity of Visual Receptors,” H. 
K. Hartline, Johns Hopkins; “Chemoreception,” C. 
Pfaffmann, and “Electroretinagrams,” L. A. Riggs, 
Brown University; “Physiological Acoustics and Voice 
Communication,” S. S. Stevens, Harvard Psycho- 
Acoustic Laboratory; “Physiology and Anatomy of 
the Auditory System,” A. R. Tunturi, University of 
Oregon; “Photochemistry of the Retina,” G. Wald, 
Harvard; and “Sound Conduction in the Ear,” E. 6. 
Wever, Princeton. 


Continuing a program begun in 1940, the Western 
Actuarial Bureau, acting for the stock fire insurance 
companies, has awarded 16 four-year scholarships in 
fire protection engineering at Illinois Institute of 
Technology, the only educational institution in the 
country offering a degree in fire protection and 
safety engineering. 
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In the Laboratories 


The Borden Company’s Chemical Division will build 
a formaldehyde and liquid urea resin manufacturing 
plant on the outskirts of Demopolis, Ala., where the 
company has acquired a 20-acre traet of land. Com- 
pletion of the plant is scheduled for 1952. 


Ciba Pharmaceutical Products, Inc., Merck & Co., 
Inc., Organon, Inc., and Schering Corporation, have 
completed an agreement covering the manufacture 
of cortisone, which makes available their patents for 
manufacture of this vital hormone product to the 
entire pharmaceutical industry. Under the agreement 
Research Corporation will license any financially re- 
sponsible individual or firm. Full details may be ob- 
tained from the Division of Patent Management, Re- 
search Corporation, 405 Lexington Ave., New York 17. 


Parke, Davis & Company has donated 5,000 doses of 
chloromycetin and 100 doses of typhoid-para-typhoid 
vaccine to El Salvador for the relief of victims of the 
recent earthquake. The Pan American Sanitary 
Bureau, regional office of WHO, sent 4,000 eapsules 
of chloromycetin, 4,000 capsules of aureomycin, and 
225 pounds of chlorinated lime. The supplies were 
flown to Central America by Pan American World 
Airways. 

Chas. Pfizer & Co., Inc., m whose laboratories ter- 
ramycin was developed, have donated $11,000 worth of 
the antibiotic for use in the current cholera epidemic 
in India. Cholera is not among the infections on which 
terramycin has been definitively tested, but such tests 
are now under way in West Bengal, and medical re- 
ports are expected at an early date. 


NRC News 


National Research fellowships in the natural sci- 
ences, postdoctoral fellowships supported by the 
Rockefeller Foundation to promote fundamental re- 
search, have been awarded to 13 scientists. The new 
Fellows, with their institutions of study, are: Theo- 
dore Downs, American Museum of Natural History; 
Richard K. Benjamin, Harvard; Israel Zelitch, New 
York University Medical College; Conrad S. Yocum, 
Harvard; Layton L. MeCoy, MIT; Barry M. Bloom, 
University of Wisconsin; Arthur S. Wightman, Insti- 
tute for Theoretical Physics, Copenhagen; Malcolm 
P. Savendoff, Moent Wilson and Palomer Observa- 
tories; Victor L. Klee, Institute for Advanced Study; 
Louis Nirenberg, Swiss Federal Institute of Tech- 
nology, Zurich; and Donald Robert Yennie, Institute 
for Advanced Study. One-year renewal appointments 
were granted to Harden McConnell, University of 
Chicago, and Maxwell A. Rosenlicht, Princeton. 


Nine awards of Merck Postdoctoral Fellowships sup- 
ported by Merck & Co., Inc., were made. New Fellows 
are: Philip S. Thayer, University of California; 
Lawrence Bogorad, The Rockefeller Institute of Medi- 
tal Research; Roderick K. Clayton, Hopkins Marine 
Station ; Ruth Hubbard, Carlsberg Laboratory, Copen- 
hagen ; ‘Andre T. Jagendorf, University of California; 
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and Robert Roeske, Swiss Federal Institute of Tech- 
nology. Renewal awards were made to Melvin Cohn, 
Institut Pasteur; James D. Watson, Institute for 
Cytophysiology, University of Copenhagen; and Wil- 
liam A. Atchley, Rockefeller Institute for Medical 
Research. 


The RCA Predoctoral Fellowships in Electronies, 
supported by the Radio Corporation of America, will 
give special graduate training in electronics to young 
men and women of marked ability. The 1951-52 
awards were to: Casper W. Barnes, Jr., University 
of Florida; Bernard E. Keiser, Washington Univer- 
sity; Seymour Stein, Harvard; Glen Wade, Stanford; 
and John N. Warfield, Purdue. Renewal awards were 
to Hiliard M. Wachowsky, Northwestern, and John 
G. Meeker, University of Michigan. 


Meetings and Elections 


At the April 11 meeting of the American Academy 
of Neurology at Virginia Beach, the following officers 
were elected for 1951-52: president, Pearce Bailey, 
Washington, D. C.; president-elect, Howard Fabing, 
of Cincinnati; vice president, Walter Klingman, 
Charlottesville, Va.; treasurer, Joe Brown, of Minne- 
apolis; and secretary, Francis M. Forster, Washing- 
ton, D. C. The next meeting will be held in the Brown 
Hotel, Louisville, Ky., on April 24-25, 1952. At the 
Virginia Beach meeting, a two-day course in neuro- 
pathology was instituted. This course will be given 
again at Louisville, as will a course in neuroroent- 
genography and electroencephalography. Requests for 
a place on the program should be sent to Alexander 
Ross, University of Indiana. Requests must be aec- 
companied by the title and an abstract, and the dead- 
line is November 1, 1951. 


The Aero Medical Association, meeting in Denver, 
elected USAF Surgeon General Harry G. Armstrong 
1951-52 president, and Dan C. Ogle vice president. 
Robert J. Benford, USAF (MC), was reelected to the 
Executive Committee. Designated as Fellows in the 
association were Benjamin A. Strickland, Leyd E. 
Griffis, and James B. Nuttall. In a coneurrent session 
held by the Airline Medical Directors Association, 
Francis N. Kimball was elected president. 


At the meeting of the American Society of Biological 
Chemists, Cleveland, the folowing officers were 
elected: president, Vincent duVigneaud; vice presi- 
dent, H. A. Mattill; secretary, Elmer H. Stotz; treas- 
urer, P. P. Cohen. W. M. Stanley was elected councilor 
to serve with H. T. Clarke and C. F. Cori. 


The American Society for Pharmacology and Ex- 
perimental Therapeutics has elected the following offi- 
cers: president, McKeen Cattell; president-elect, K. K. 
Chen; secretary, Carl C. Pfeiffer; and treasurer, Rob- 
ert P. Walton. Walter F. Riker, Jr., Cornell University 
Medical College, was awarded the John J. Abel Prize 
in Pharmacology for his work on the pharmacology of 
neuromuscular function.. This prize, consistiig of 


$1,000 arid a bronze medal, has been donated by Eli 
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Lilly & Company for the purpose of stimulating fun- 
damental research in pharmacology and experimental 
therapeutics by young investigators working in col- 
leges, universities, hospitals, or any nonprofit institute. 


The thirty-fifth annual meeting of the Federation 
of American Societies for Experimental Biology was 
held in Cleveland, Ohio, April 29-May 3. The federa- 
tion is composed of The American Physiological So- 
ciety, The American Society of Biological Chemists, 
the American Society for Pharmacology and Experi- 
mental Therapeutics, The American Society for Ex- 
perimental Pathology, the American Institute of Nu- 
trition, and The American Association of Immunolo- 
gists. Geoffrey Edsall, president of the American As- 
sociation of Immunologists, was chairman of the 
federation and presided at the joint session and at 
the meetings of the Executive Committee. The total 
attendance at the meeting was 4,787. Twelve hundred 
and ninety-eight papers, dealing with new research in 
the fields of the experimental medical sciences, were 
given at the 126 scientific sessions. At the joint session, 
three papers were presented covering subjects of wide 
general interest: Physiological Adaptation to Cold in 
Arectie and Tropic Animals (Laurence Irving, of the 
Arctic Health Research Center, USPHS) ; Hormonal- 
Enzymatic Mechanisms in Insect Growth and Meta- 
morphosis (Carroll M. Williams, Biological Labora- 
tories, Harvard); and Mechanisms of the Biological 
Effects of Penetrating Radiations (Cornelius A. To- 
bias, Donner Laboratory, University of California). 
These papers will be published in full in the June and 
September issues of Federation Proceedings. Sixty- 
two scientific and technical exhibits were on display, 
showing laboratory equipment, apparatus, books and 
journals, pharmaceutical, and other industrial re- 
searches and exhibits by federation members, founda- 
tions, and universities. The American Society for 
Pharmacology and Experimental Therapeutics, the 
American Society for Experimental Pathology, and 
the American Institute of Nutrition held dinner meet- 
ings, and various other groups arranged special funec- 
tions and meetings during the convention. Symposia 
were presented by the American Physiological So- 
ciety, the American Society of Biological Chemists, 
the American Institute of Nutrition, and the American 
Association of Immunologists. 


The Society for the Study of Evolution will hold its 
annual meeting on the Berkeley campus of the Uni- 
versity of California June 25-28. In addition to vari- 
ous papers, there will be two symposia, demonstration 
papers, and trips to Stanford University and the 
Division of Plant Biology, Carnegie Institution of 
Washingon. G. Ledyard Stebbins, Jr., will lead the 
symposium on “Population Structure and Species 
Formation,” and Reuben A. Stirton, the symposium 
on “Vertical and Horizontal Evolutionary Diversifica- 
tion.” On June 26, the society will hold its first dinner 
meeting, at. which the speaker will be Alden H. Miller, 
who will talk on “Current Research in Colombia by 
the University of California.” Theodosius Dobzhansky, 


of Columbia University, will give the first presidential 
address, “Creative Evolution,’ to which the publi¢ 
is invited. Those planning to attend should communi 
eate with Robert C. Stebbins, Museum of Vertebrate 
Zoology, University of California, Berkeley 4. 
The 1954 meeting of the Ohio Academy of Science 
will be held at Ohio University, Athens, and not at 
Ohio State, as published in Science May 4 (p. 541), 


Miscellaneous 

The Science Section, Bureau of Higher Education 
and Science, Ministry of Education, Tokyo, has pre- 
pared a list of foreign publications desired by Japan- 
ese universities. The list is in two forms: an alpha- 
betical list of publications; and a list of publications 
desired by each university, junior college, and researeh 
institution. The lists are available from the Army's 
Reorientation Branch, New York Field Office, 139 
Centre St., New York 13. 


Mellon Institute has changed the title of its head, 7m 
Edward R. Weidlein, from director to president. Dr Ti 
Weidlein has also been elected chairman of the Im 
board. John G. Bowman, president-honorarius of the 
University of Pittsburgh, was made vice president of 
the board, and George W. Wyckoff, secretary. Edward 
B. Clarke was appointed treasurer. Concurrently, these 
assistant directors have been named directors of re- 
search: E. Ward Tillotson, William A. Hamor, George 
D. Beal, Leonard H. Cretcher, and George H. Young. 


The Nature Conservancy has published as the 
current issue of The Living Wilderness “Nature 
Sanctuaries in the United States and Canada,” an in- 
ventory of all important areas having natural history 
values that are at least partially protected under 
public ownership. The inventory lists 691 nature sane 
tuaries, each characterized as to location, size, extent 
and kind of disturbances, type of vegetation, and 
principal mammals, Areas are arranged according to 
principal vegetation types of “biomes” (deciduous 
forest, prairie, ete.), and introductory discussions 
analyze the status of sanctuaries in each of these major 
types. Outline maps showing the sanctuaries for each 
type are included. Copies may be obtained for 50¢ 
each from 8S. Charles Kendeigh, 200 Vivarium Bldg, 
Wright & Healey Sts., Champaign, IIl. 


Chemicals wanted by the Registry of Rare Chem 
cals, 35 W. 33rd St., Chicago 16, Ill., are: zine tr 
thionate; tetrasilane; chromium hexacarbony)]; silicon 
chlorotrifluoride; potassium magnesium chlorophyllin; 
methyl erucate; tribromofluoromethane; cyclohexyl 
isovalerate; trans-1,2-cyclopentanedicarboxylic acid; 
1,4-diamino-2-methylbutane; 1,2-diketohydrindene; 
pentachlorobenzaldehyde; 4’-methyl-2,4-diaminoaz- 
benzene; N-hexacosane; 2,3-angelica lactone; tibatin; 
seopolin; fabiatrin; nethamin hydrochloride; and 
trypaflavin. 

Carl F. Tessmer, formerly director, Atomic Bomb 
Commission, Hiroshima, has been appointed Com- 
manding Officer, Army Medical ,Service Field Re 
search Laboratory, Fort Knox, Ky. 
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Photography helps analyze 
what's in the bottle 


In identifying hydrocarbons in petroleum products by 
mass spectrometry, the Research and Development Lab- 
oratory of the Atlantic Refining Company runs as many a 
as 60 samples a day. , 
This high speed output of data is typical of what hap- 
pens when photography is put to work. d 
As the ion-accelerating field is varied in synchronism ; 
with the travel of a strip of Kodak Linagraph 809 Paper, 
light beams from four moving-mirror galvanometers 
swiftly trace out the concentration of each molecular 
species received at the collecting slit. If a strong kick 
throws one beam off the scale, the adjacent galvanometer 
next lower in sensitivity catches it. No beam interferes 
with another. Thus a range of 1 to 3000 is accurately 
covered on a single record that's sharp, clear, and easy . 
to read. 
If you have an instrument-recording problem, it will 
pay you to investigate how photography can simplify it. 
Eastman Kodak Company, Industrial Photographic Divi- 
sion, Rochester 4, N. Y. - 


PHOTORECORDING 
an important function of photography 
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COZYMASE 


(coenzyme 1) Of 85% Purity 


A highly purified cozymase is now available from Schwarz 
Laboratories. Assayed spectrophotometrically, using a mo- 
lecular extinction coefficient of 6.2 x 10° cozymase Schwarz 
of at least 85% purity is assured at all times. Cozymase of 
65% level of purity is also available at greatly reduced cost. 


Cozymase is required in more than thirty known biological 
oxidation reactions. It has been reported to have the same 
effect as adenosine in lowering the blood pressure. Both 
purity levels of cozymase Schwarz are free of coenzyme II 
and flavin adenine dinucleotide. 


Schwarz fine chemicals satisfy the exacting requirements of 
products intended for use in biochemical or clinical research. 


Write for our new 1951 price list. 


LABORATORIES, INC. 
East 44th Street 


New York 17,N. Y. 


THE LaMOTTE FILTR-ION 


Inexpensive, Disposable Unit 
for small scale production of 


CHEMICALLY PURE WATER 


for use in 
General Scientific Work 


Delivers neutral (pH 
7.0) water free of 
mineral ions. Ideal 
source of water for 
pH work—-soil test- 
ing—preparation of 
Reagent Solutions— 
and many other uses 
where distilled water 
is now required. 


Employs new self- 
indicating resins. 


Can be used anywhere—in the laboratory—in the 
home— in the field. Assured satisfaction—Banishes 
the distilled water problem. 
Price $3.85 cach 
Refill packs ‘containing sufficient resin 
for twice recharging the unit are $3.50 


LaMOTTE CHEMICAL PRODUCTS COMPANY 
Dept. ‘‘H”’ Towson, Baltimore 4, Md. 
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Publications Received 


Joint OIHP/WHO Study-Group on Cholera. Report on 
the Third Session. WHO Tech. Rept. Ser. No. 18, 
WHO, Palais des Nations, Geneva, Dee. 1950. 

Southwest Research Institute. Third Annual Report, 
Southwest Research Institute, New York. 1950. 

The Socialist Unity Party as the Soviet Instrument of 
Power in Eastern Germany. Office of the U. S. High 
Commissioner for Germany. Nov. 15, 1950. 

Mathematics, Statistics, Astronomy, Physics: Anti- 
quarian, New and Forthcoming. No. 636. W. Heffer & 
Sons, Ltd., Cambridge, Eng. 1951. 

The Biochemistry of Inositol: A Critical Examination on 
the Literature. Edward R. Weidlein, Jr. Bibliographie 
Series Bull. 6. Mellon Institute, Pittsburgh, Pa. 1951. 

Endocrinology as Related to Embryology: The Selective 
Action of Endocrine Secretions for Certain Tissues, 
Robert C. Moehlig. Author, Harper Hospital, Detroit, 
Mich. 1950. 

Symposium: Applied Research, Atomic Energy. Robert 
E. Wilson and Sumner T. Pike. Economic Policy Divi- 
sion Series No. 37. Feb. 1951. 

Proceedings: 1949 Patents and Research Seminars. 
Economic Policy Division Series No. 23. National Asso- 
ciation of Manufacturers, New York. March 1950. 

Survey of Research Projects in the Field of Avietion 
Safety. Initial Report. The Daniel & Florence Guggen- 
heim Aviation Safety Center at Cornell University, 
New York. Jan. 1, 1951. 

Annual Report 1950. Stanford Research Institute. Ap- 
plied Research Center for the West, Stanford, Calif. 
1951. 

The Nation. 85th Anniversary Number. Vol. 171, No. 25. 
The Nation Associates, Inc., New York. Dec. 16, 1950. 
20¢. 

Micromax and Speedomax Speed Recorders. Catalog 
N-27. Leeds & Northrup Co., Philadelphia, Pa. 1951. 

The Social Consequences of Pneumoconiosis among Coal- 
miners in South Wales. P. Hugh-Jones and C. M. 
Fletcher. Privy Council Medical Research Council Mem- 
orandum No. 25. H. M. Stationery Office, London. 1951. 
1s. 9d. 

The Path of Civilization is Marked by Signs: The Origin 
of an Industry. Neon Products, Inc., Lima, Ohio. Aug. 
1950. 

New Corrosion Testing Facilities Added to Kure Béach 
Project. Editors’ Reference Book. The International 
Nickel Company, Inc., New York. 1950. 

Facts about Oil. American Petroleum Institute, New 
York. 1950. 

Ceritennials and Sesquicenténnials during 1951 with In 
terest for Chemists and Physicists. Ernest H. Huntress. 
Reprinted from Proceedings of the American Academy 
of Arts and Sciences, Vol. 79, No. 1, pp. 1-44, Jar 
uary 1951. $1.10. 

Diagnostic Standards and Classification of Tuberculosis. 
National Tuberculosis Association, New York. 1950. 
Gmelins Handbuch der Anorganischen Chemie. Antimon. 
8th ed. Teil A, System-Nummer 18. Verlag Chemie, 

GMBH., Weinheim/Bergstrasse, Germany. 1950. 

SRA Youth Inventory. Form A, Science Research Assoei- 
ates, Chicago, Ill. 1949. 

The Source, Transportation, and Deposition of Beach 
Sediment in Southern Calitornia. Technical Memo, No. 
22. (Mimeo.) Beach Erosion Board, Department of the 
Army Corps of Engineers, Los Angeles District. March 
1951. 
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Augusto Pi Suner, M.D. 


on 
8. 
3 Science revalues Man... . 
of 
MAN IS A MICROCOSM 
ti. 
& 
by J. A.V. Butler B 
rie 
| 
= M Stimulating and illuminating—a book which ° 
it, tells what Science knows about man and his k 
- important place in the universe; the origin of 
vi- A life; the nature of proteins, enzymes, vitamins, Ss rs 
) viruses, genes; nerves and brain; the problems 
ra = of how thought, free will, and creative activity f 
arise in a’ system of atoms and molecules. “. . . 
ion the author has been completely successful . . . ° 
i M (his book) can be recommended without re- r 
serve.”—W. L. Sumner, Nature $3.00 
\p- 
lif. S 
25. Cc 
50. 
L From reality to mystery .. . 
51. 
e 
x} THE BRIDGE OF LIFE 
51, A t 
N i 
t 
s 


ach 
“ Telling the fascinating story of biology, the 
New science of life, this book takes the reader into 
Co the complex, delicate, and beautifully coordi- 
> : nated world of living matter. It begins with the 
omy cell, the basis of life; turns to the world of en- 
Jan- zymes and diastases, the relation between stimu- 
ms lus and function; discusses heredity and muta- 
tions, the delicate balance between man and his 
non. environment, human consciousness—and pro- 
so ceeds as far as the border of metaphysics. $3.75 
s0¢i- 
r 
At all bookstores or 60-5th Ave., 
arch 
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PHOTOVOLT 


Exposure Photometer: Mod. 200-M 


for 
PHOTOMICROGRAP 


HY 


Accurate determination of exposure time in 
black-and-white and color photomicrography 


Write for Bulletin #810 to Price $65.— 
PHOTOVOLT CORP. 
95 Madison Ave. New York 16, N. Y. 


NOW 
AVAILABLE! 


Phipps & Bird Catalog No. 3-51 


“Tools For Biophysics” 


TO OBTAIN YOUR COPY, WRITE: 


PHIPPS & BIRD, Inc. 


P. 0. BOX RICHMOND 5, VIRGINIA 
MANUFACTURERS @ DISTRIBUTORS 
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Meetings & Conferences 


June 18-20. The Meteoritical Society. University ~ of 
Southern California, Los Angeles. 

June 18-20. American Congress on Surveying and Map- 
ping. Shoreham Hotel, Washington, D. C. 

June 18-21. American Chemical Society, Divisions of Col- 
loid Chemistry and Physical and Inorganic Chemistry. 
Cornell University, Ithaca, N. Y. 

June 18-21. Special Libraries Association. Hotel Lowry, 
St. Paul. 

June 18-23. Pacific Division, AAAS. University of South- 
ern California, Los Angeles. 

June 18-29. Institute on Human Relations and Inter- 
group Understanding. The American University, Wash- 
ington, D. C. 

June 19-21. American Meteorological Society (National). 
Los Angeles. 

June 20-22. Heat Transfer and Fluid Mechanics Insti- 
tute. Stanford University, Stanford, Calif. 

June 20-23. American Astronomical Society (Annual). 
Washington, D. C. 


June 21-27. Conference on Psychiatric Education. Cornell — 


University, Ithaca, N. Y. 

June 22-23. American Academy of Dental Medicine (An- 
nual). Hotel Dennis, Atlantic City. 

June 22-23. American Mathematical Society. Symposium 
on Applied Mathematics Fluid Dynamics. College Park 
and White Oak, Md. 

June 22-23. Applied Mechanics Conference. Stanford 
University, Stanford, Calif. . 

June 25-26. Mathematical Association of America (joint 
with American Society for Engineering Education). 
Michigan State College, Lansing. 

June 25-28. American Physical Society. Vancouver. 

June 25-29. American Institute of Electrical Engineers. 
Royal York Hotel, Toronto. 

June 25-29. Institute for Annual Review of United Na- 
tions Affairs, New York University. 

June 26-July 5. World Congress of Illumination. Stock- 
holm. 

June 27-July 3. International Union of Crystallography. 
Stockholm. 

June 28-30. American Society of Ichthyologists and 
Herpetologists. Chicago Natural History Museum, 
Chieago. 

June 28-30. Institute of Navigation (Annual). New 
Yorker Hotel, New York. 

June 28-30. National Science Teachers Association. Mills 
College, Oakland, Calif. 

June 28-30. International Meeting on Spectroscopy. 
Basel. 

June 29-30. Institute of Biology of Great Britain, Sym- 
posium on Freeze-Drying. London. 

July 2-4. International Conference of Naval Architects 
and Marine Engineers. Glasgow. 

July 2-6. South African Association for the Advanee- 

_ ment of Science (Annual). Durban. 

July 3-6. Scientific and Clinical Convention of the Asso- 
ciation for Physical and Mental Rehabilitation. Hotel 
Hollywood Roosevelt, Los Angeles. 

July 4-6. International Conference of Naval Architects 
and Marine Engineers. Newcastle. 

July 5-7. Physical Society (Summer). Belfast. 

July 9-11. Conference on Science in General Education. 
Harvard University, Cambridge, Mass. 

July 9-13. Conference on Control of the Anterior Pitui- 
tary. Ciba Foundation, London. 
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A READY REFERENCE 


microbiological research. 


It lists Amino Acids, Vitamins, Carbo- 
hydrates, Adenylates, Nucleates, Purines, 
Pyrimidines, Enzymes, Microbiological 
and Bacteriological Media, Complete 
Animal Test Diets and Ingredients, 
and a wide range of Biochemicals for Wyjte for Your 


Investigational Use. 


- That Will Save Time for You 


Use this catalog as a “one stop” source 
of supplies required in biological and 


PRICE List 


Copy TODAY 


60 LABORATORY PARK 
CHAGRIN FALLS, OHIO 


FARRAND 
Ultraviolet 
and Visible Region 


Range 200 to 950 mm 
75 mm Free Aperture f:4 


For spectral analysis concerned with measurements in the ultraviolet 
and visible regions, particularly those involving low light levels. The 
Farrand Monochromator provides unparalleled performance. The un- 
usual large free aperture and speed of the optical elements afford 
HIGH dispersion — transmission — resolution— spectral purity —and 
light gathering power. 


Usable in combination with accessories for transmission absorption, 
emission, resonance radiation reflection, fluorescence, phosphorescence, 
ete. Single and double types available. 

Bulletin No. 801 


on request 


PRECISION OPTICS, ELECTRONIC 
AND SCIENTIFIC INSTRUMENTS 


FARRAND OPTICAL CO., inc. 


BRONX BLVD. and EAST 238th STREET - NEW YORK 70, WN. Y. 
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ORIGIN AND EVOLUTION OF MAN 


Cold Spring Harbor Symposia 
on Quantitative Biology 


Volume XV (1950), 440 quarto pages, with numerous figures 


@ Authoritative reviews of many aspects of the evolution 
problem, presented by geneticists, anthropologists, and 
paleontologists in 37 papers and edited discussions. Sub- 
jects considered are: population as a unit of study, origin 
of the human stock, classification of fossil men, genetic 
analysis of racial traits, race concept and human races, 
constitution, and perspectives of future research. Table of 
contents sent on request. 


®@ Previous vol still available: IX (1941) Genes and 
Chromosomes; XI (1946) Heredity and Variation in Micro- 
organisms; XII (1947) Nucleic Acids and Nucleoproteins; 
XIII (1948) Biological Applications of Tracer Elements; 
XIV (1949) Amino Acids and Proteins. 


@ Price per volume: $7.00 (postage extra; domestic 25 


cents, foreign 50 cents). 


BIOLOGICAL LABORATORY 


COLD SPRING HARBOR, NEW YORK 


ADDRESS: 
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PERSONNEL PLACEMENT 


CLASSIFIED: 15¢ per word, minimum charge $3.00 Use of 
Box Number counts as 10 additional words. 
DISPLAY: $17.50 per inch, no charge for Box Number. 
Correct payment to SCIENCE must accompany all ads. 
Insertion usually made 2 or 3 weeks after receipt of ad. 


SCIENCE e@ 1515 Mass. Ave., N.W., Wash. 5, D. C. 


Bacteriologist: Ph.D.; eight years’ teaching experience (Bac- 
teriology) ; four years, research bacteriologist and three years, di- 
rector, development bacteriology, pharmaceutical industry; oo 
further information, please write Science Division, Medical Burea’ 
(Burneice Larson, Director), Palmolive Building, Chicago. 


POSITIONS WANTED 


Botanist: male, 42, preferring herbarium work in south or eet 
west, would consider teaching or research. Box 529, SCIENCE. 


Entomologist: Ph.D. with strong zoology minor desires full time 
teaching position in entomology or invertebrate zoology. Interests : 
general entomology, morphology, taxonomy; general zoology, 
evolution. Introductory courses vw, Teaching and army ex- 
perience, vallable September. Sigma Xi. Publications. Box 527, 


Zoologist: Ph.D. Embryology; M. S. Cellular Physiology. Publica- 
tions. Desires teaching position with oppoctansty for research. 
Available September, 1951. Box 530, SCIENCE. 6/15 


1! 


POSITIONS OPEN || Wh 


CHEMIST 


Chemist, B.S. or M.S. in chemistry or pharmacy for phar- 
maceutical research and development. Experience in indus- 
trial compounding of elixirs, parenterals, tablets and other 
pharmaceutical products required along with ability to 
work independently. Opportunity in expanding organiza- 
tion. Write, giving personal history, academic and profes- 
sional background to: Dr. Joseph Kalish, Division of Re- 
search & Development, Schenley Laboratories, Inc., 
Lawrenceburg, Indiana. 6/8 


DIRECTOR OF PHARMACOLOGY 
and CHEMOTHERAPY 


of industrial research organization in metropolitan 
N. Y. M.D. or Ph.D. in Pharmacology, Physiology, 
or Biology with teaching or industrial experience 
and proven ability to direct Biological research 
program. Competent Scientific Staff, Technical 
Assistants, and modern well-equipped Labs. 


Write giving details, training, experience and 
salary desired, to 


Box 506, SCIENCE 


Positions Open: 


(a) Medical Director: small pharmaceutical company; should be 
interested in developing new products, clinical invest ation; Mid- 
west. (b) Professor of Pharmacology; x teaching, 
research experience required ; (c) ‘Medical Bacteriole. 
gist; biochemical research and development division; large com- 
pany; duties consist of serving as ligison officer between laborator 

and profession; Chicago area. (d) Two Ph.D.’s. in pharmacy on 
pharmaceutical chemistry in teaching, qualified to head 
departments ; state college ; st. (e) Scientist qualified to develop 
pharmaceutical or biochemical products; laboratories specializing 
in allergy products; Pacific Coast. (f) Pharmacologist; minimum 
Master’s degree required; biological laboratories; Midwest. (g) 
Editorial assistant; editorial de artment, university medical ae 
West. S6-2 Science Division, Medical Bureau (Burneice Larson, 
Director), Palmolive Building, Chicago. x 


—The MARKET PLACE 


BOOKS @ SERVICES @ SUPPLIES @ EQUIPMENT 


YOUR ad here reaches over 32,000 foremost scientists 
in the leading educational institutions, industrial 
laboratories, and research foundations in the U. S. 
and 76 foreign countries—at a very low cost 

CLASSIFIED: 20¢ per word, minimum charge $5.00. Use of 
Box Number counts as 10 additional words. Correct pay- 
ment to SCIENCE must accompany ad. 

DISPLAY: Rates listed below—no charge for Box Number. 
Monthly invoices will be sent on a charge account basis 
—providing satisfactory credit is established. 

7 insertion $17.50 per inch 


vs 7 times in 1 yaw 16.00 per inch 
13 times in 1 y 14.00 per inch 
26 times in 1 vo 12.50 per inch 
52 times in 1 year 11.00 per inch 


For PROOFS on display ads, copy must reach SCIENCE 4 
weeks before date of issue (Friday of every week). 


16 


SCIENTIFIC BOOKS and PERIODICALS WANTED 
libraries—Sets and runs—Single titles 
Also, please send us your want lists. 


STECHERT-HAFNER, INC, 
31 East 10th St., New York 3 


Your sets and files of scientific journals 


are needed by our library and institutional customers. Please send 
us lists and description of periodical files you are willing to sell 
at high market prices. Write Dept. A3S S. CANNER, C. 
Boston 19, Massachusetts 


WANTED TO PURCHASE ... Sets and runs, foreign 


SCIENTIFI PERIODICALS and domestic. Entire 


libraries and smaller 
and BOOKS collections wanted. 


WALTER J. JOHNSON @ 125 East 23rd St., New York 10, N. Y. 


It’s Quick, Easy Fun to Learn a Language by LINGUAPHONE 
At home learn to speak Spanish, ro. German, Russian, the 
Oriental quick easy suaphone Conversational 
Method money. Send book today. 
Courses approved or VETERANS’ Training 
LINGUAPHONE INSTITUTE @ 8406 Rockefeller Piaza, New York 20 


PROFESSIONAL SERVICES || 


THE PAN RAY CORP. 


Research 
340 CANAL ST., NEW “YORK 13 
@ Microanalysis (C, H, N, S, Etc.) 
@ Custom Organic Syntheses 
@ Chemotherapeutics 
Sponsored Research 


NEED PRINTING? Science books and periodicals printed by 
lant specializing therein. Distribution if desired. Estimates gladly 
furnished. BLUE RIDGE MOUNTAIN PRESS, Boonton, Ne 
ersey 


FOOD RESEARCH 


@ CONSULTATION 


Research 
Biologico!, Nutritional, Toxicological Studies 


ANALYSES 


for the Food, Drug ond Allied industries 
Island 


48-14 33rd Street, Long City 1,N.Y. 


Science, Vol. 113 
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BOOKS @ SERVICES @ SUPPLIES @ EQUIPMENT 


The MARKET PLAGE) 


SUPPLIES AND EQUIPMENT 
of REFRACTION LIQUIDS 


Valuable Aid for Identification of Minerals and other 
Solids by the Immersion Method of Microscopy 


Range 1.400-1.700, intervals of 0.002, or as selected 
Index Certified to + 0.0002 


@ Range :.71-1.83, intervals of 0.01 
Write for Price List Nd-S 
118 Liberty Street, New York 6, N. Y. 


White SWISS | Mice 20c = 


Rabbits, Cavies, ~ Rats, Ducks, Pigeons, Hamsters 


R. P. CARCILLE 


Write + J. STOCKER Ramsey, N. J. 


PORTABLE ELECTRONIC 


ANIMAL 
RESPIRATOR 


5” x6" x9” 110v. a.c 


Functions by interrupting 
flow from lab. air supply 
line. Ventilation and ex- 
haust periods are inde- 
pendently variable giving 
rates from 6'% to 80 aed minute. For 
use with He leak-off valve system. 


Price $115.00 
MARSHALL CO. + 711 Chapel Gate Lane, Baltimore, Md. 


HEMACYTOMETER 
COVER GLASSES 


Optically Ground and Polished 


For accurate estimations with single 
or double counting chambers 


Gauged and sorted for thinness and supplied in thin (0.4 
mm.), medium (0.5 mm.), and thick (0.6 mm.) grades. 


Economically priced List Price 
Professional Grade 20 x 26 mm. $ 40 $3.30 $36.00 
Factory Certified 4 x 26 mm. 50 440 8648.00 
NBS Certified 20 x 26 mm. 1.00 =: 13.00 


Packed in boxes of 6 envelopes each containing 2 glasses, 
separated by soft paper spacer. 


All three grades have rounded corners 
Write for complete catalog 


PROPPER MANUFACTURING CO., INC. 


10-34 44TH DRIVE, LONG ISLAND CITY 1, N. Y. 


NEW MONOMERS 


Vert 5 Esters, Acrylyl and Methacrylyl Chlorides, Ethylenimines 
Allyl Esters: late, Fumarate, Maleate, ‘Succinate, 
Ethylene Glycol te and Methacrylate, Ling | Halides 
2,3-Dimethy! Bu , 230; p-Chlorostyrenes, Nitrostyrenes 
200 Other Monomers Write for List A-3 


MONOMER-POLYMER, 


3430 W. Henderson St Chicago 18, iil. 


ULTRAPURE MERCURY 
Highest purity mercury, containing less than 0.1 
parts per million impurities, is offered for sale at 
moderate cost, Ideal for all laboratory and instru- 
mental uses. 

Sample and technical bulletin available on request. 
EDWARD SHAPIRO, Ph.D. + P.O. Box 302, Swarthmore, Pa. 


STAINS. 


automatic Washers 


for Pipettes ° Animal Cages: Laboratory Glassware 


Please state your requirements 


HEINICKE Instrument Corp. 


Rochester 4, N. Y. 


HYPOPHYSECTOMIZED RATS 
farther information write 


HORMONE ASSAY LABORATORIES, Inc. E. 58th St 


L-PROLINE—Hydrox ine, L-Methionine 
* AMINO ACIDS @ BLOC 


MICALS 
@ PRE-MIXED MICROBIOLOGICAL ASSAY MEDIA 
H. M. CHEMICAL COMPANY, LTD. 
144 North Hayworth Avenue Angeles 48, California 


IMMEDIATE DELIVERY—NEW SURVEY METERS. Vi- 
brator type. No priority necessary. Box 531, SCIENCE. x 


ROGER* BEAM SPLITTERS 


All Amino Acids (natural, synthetic, yo 
Rare Sugars, Biochemical Products, Reagents, New 

ceuticals in stock. Write or phone PLase 7. 7-8171 for a. 
price list. 


BIOS LABORATORIES, INC. Wot Seb 


June 8, 1951 


@ 70% TRANSMISSION 
@ 30% REFLECTION 


PHOTO - SCIENCE 
ROLA LABORATORIES 
Sandy Hook, Connecticut 
* Formerly with Dr. Alexis Carrel. 


New Food ieaetals - New Drugs 
ANIMAL TESTS 


Analyses - Consultation - Research 


LaWall & Harrisson 


Chemists - Pharmacologists Div. S$, 1921 Walnut St., Philadelphia 3, Pa. 
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LUMIPAN 


e 3 Condensers 
on Turret 


Pancratic built-in 
illuminating 
system 


N.A. 0.16 to 1.40 


e@ Phase contrast 
accessories. 
Write today for 
Makers of Complete Electrophoresus Apparatus further information 


SCIENTIFIC APPARATUS 
Klett-Summerson Photoelectric Colorimeters— 


Colorimeters — Nephelometers — Fluorimeters— 

— Glass Stand- E RI O O T KA O 
x 102 West 42nd Street, New York 18, N. Y. 
Klett Manufacturing Co. Specialists in Carl Zeiss, Jena optical equipment 


179 East 87 Street, N York, York 


Keep your copies of SCIENCE 
always available for quick, easy 
reference with this all-purpose 


@ It’s PRACTICAL—simply snap the magazine in with a 
strong flat wire, without cutting, punching, or 
mutilating. Snap it out just as easily . . . all in 
a matter of seconds. It opens FLAT—for easy 
reference and readability. Holds 26 issues. 


@ It’s ATTRACTIVE—in beautiful maroon buckram, 
$°) .75 stamped in gold leaf. A fine addition to your 
library. 

POSTPAID @ It’s DURABLE—sturdily constructed to withstand much 
i ak op use—ideal for classroom, laboratory, and library. 
money order, please @ It’s PERSONAL—your name stamped on the cover tor 

i it’ 

= ORDER YOURS NOW! only 60¢ in addition to the regular price of $2 


—the year of issue will be included for 35¢ extra. 


PEE. 


Li 
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TRACERLAB recently introduced two versatile 
and highly efficient phosphorescent materials for 
use in scintillation detector units. One is syn- 
thetically grown stilbene crystal; the other is a 
solid plastic phosphor which consists of a ter- 
phenyl solution in polystyrene. Both these ma- 
terials are being used in the detection and 
measurement of radioactivity. 

Single stilbene crystals up to one inch in any 


Ua. 


TRACERLAB INC., 


130 HIGH 


STREET, 


dimension are now available and can be supplied 
in precisely machined forms. 

TTRACERLAB’S plastic phosphor has two major 
advantages in relation to crystalline phosphors: 
it is available in a large variety of sizes and 
shapes and is considerably less expensive. Plastic 
phosphors do not, however, give as large pulses 
as stilbene. 

For further information write for bulletin S-30. 


SALES OFFICES: 
BERKELEY, CAL., CHICAGO, ILL. 
NEW YORK, N. Y. 
WASHINGTON, D. C. 


BOSTON 10, MASS. 
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Feature after feature that mean superior per- 
formance, easier manipulation, more complete 
satisfaction—all these are yours with a new 
AO Spencer Laboratory Microscope. Be sure 
your microscope is an American-made, pre- 

_ cision instrument that will give you constant, 
So M J CH Quality dependable service for years to come. See your 


AO Distributor or write Dept. T2. 


So MANY Features | custom tension 


Substage and coarse adjustments 
may be set to your individual touch. 


‘PINCH GRIP’ 
STAGE 
Built-on mechanical 
SPENCER stage permits slides to 
be interchanged with- 


out disturbing stage 
settings. 
. “AUTOFOCUS” STOP 
Microscopes Facilitates study of slides of similar 


thickness in rapid succession, reduces 


slide breakage, prevents racking ob- 
jectives into condenser. 


RELOCATED 
CONTROLS 

Dual knobs are 
widely separated for 
finger clearance with 
fine adjustment closer 
to stage and substage. 


MICROMETER-SCREW 
FINE ADJUSTMENT 

‘Spring-loaded’ to eliminate back- 
lash. Smooth, long-wearing ball-bear- 
ing slideways. 


AMERICOTE OPTICS 
(Optional) , Reduce in- 

ternal reflections and im- 

prove image contrast. 


Since we are currently supplying both military 
and civilian needs, instrument deliveries 
cannot always be immediate. 
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